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PREFACE. 


Having received the permission of the Hon’blc the Court of Directors and 
the Government of India to prepale a complete Manual of the several Arts and 
Sciences in the i)racticc of Engineering and Architecture which are applicable 
to Public Works in India, I have availed myself of every source within ray 
reach from which to draw such useful material as might advantageously be 
engrafted on to the result of 28 years’ experience in the Department of Public 
Works in tbe Bengal Presidency, and two years’ research in the Workshops of 
Binijingham and Manchester ; nor have I failed to press into the service many 
useful memoranda culled from the valuable MSS. unpublished matter, and 
“ proceedings” of tbe Institution of Civil ljugineers in Loudon, of*which I am 
a Member. 

The brief period of one life is totally inadequate to tbe embodiment from 
personal observation, of knowledge in a Science so varied, so^extensivc, and 
composed of such numerous branches, that each subdivision is sufficient to 
'engage the attention i^nd practic^ *of a distinct set of men. I‘have therefore 
been the more diligent in referring to authors whose works are records of their 
successful practice, ty^d the result ofyv'hose labors have stood the test* of Time 
and public opinion. Such arc those, both written and constructed, of Telford, 
Tredjrold, SlephciiBoin llpnnic, Tierney Clarke, Barlow, Vignoles, Cresy, Vicat, 
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Totten'and Mijlington, on Engineering subjects; whilst many practical details 
connected with Architecture and the Art of Building, have been adapted from 
Chambers, Stuart, Pugin, Gwilt, Nicolson, Leeds, Barry and Durand ; nor 
havb the Rudimentary Treatises hitcly published by Mr. Weale, been overlooked; 
the subjects in which have teen written by the leading talent of the day, but 
they are so complete in themselves, so cheap, so portable, and thus so easily 
witliiii the means and reach of all, that I have but partially referred to them, 
and only wlicn any modern subject required the particular authority of cither 
writer or practitioner. 

The aim of this work ^has more particularly been to adapt the splendid 
results of the present advanced state of professional attainment to the practical 
purposes of the Department of Public Works in India ; and in attempting tliis, 
there has not been neglected the faithful delineation of noble works actually 
constructed, and authentic detail of material at present successfully applied 
and in high repute ; not only as a proof of the vast improvements going on, 
but as a stimulus to the production of similar undertakings, and guarantee of 
equally important issue. Thus may the road be opened to the yet hidden 
resources of this country, rich in all the crude material that the Engineer or 
Architect can desire;, and lead him to raise tft 'most elaborate works with 
confidence and security. 

i 

In a work like this, compiled with a view to its utility in the different 
localities comprising the Department of Public Works in India, it would be useless 
to attempt to lay down either the wages of ^cjrkpcople qr prices of material, 
which must vary in every division, liaving reference to peculiarly local circum- 
staneijs; \>ut numbers of laborers and quantities of materia}, which from experi¬ 
ence are known* to be required for the execution of a certain amount of work, 

( 

must be alike for a similar amount of the same l^nd of work an}rwhcre. 
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These numbers and quantities therefore will be given for all sorts works, 
from which each officer can easily frame his rate^and obtain correfet values. 

The work is intended to be divided into four parts, mz. 

Part I.—The duties and acquirements of Engineers, Architects and th(*ir 
subordinates.—The choice, preparation and use of the several materials for 
building purposes.—Strength and stress of materials. 

I’abt it.—© ctails of construction of all branches of Engineering and 

« 

Jluilding, including Embankmepts* and the imjyovemcnt of Rivers.—Mason¬ 
ry in Stone and Brick.—Bridges of Iron, Timber and Masonry.—Roofs of 
Iron, Timber and Masonry.—Artificial Foundations.—Roads.—Canals.—Docks. 
—Drainage. 

Part 111.—Rudimentary Architecture.— Principles of Design as applica¬ 
ble to Public Buildings in India.—Specification.—Contracts. 

Part IV.—Problems and Diagrams connected with course of study for 
Overseers.—Tables of speci^c gravity.—Weights of Iron and other Metals.— 
Scantlings of Timbers.—Practical Rules and Receipts.—Data for Rates. 


j 
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CIVI,L ENGINEEEING. 


3. The Motto that “ Experience is the only true guide to riiilosophy"* has 
led to the conviction that Theory and Practice must go hand in hand ; brilliant 
however as Tlieory may be as far as abstract science is concerned, yet if the 
sources from which it flows are not in strict accordance with what is known to 
tsike place in practice, such Theory must bo abandoned, and make room fur that 
(jhly which is so founded as to agree witli the results of experience. Too many 
facts cannot be collected, and too much research cannot be undertaken to test 
Theory, which, when found to confirm the observations deduced from Practice, 
affords the surest guarantee of coiifidence. 

2. In Europe tlie line of delnarkation is drawn between the professions of 
the Civil Engineer and ArchitecAan.d both are nfore i>articularly employed in 
tlie strict line of theiK professioi|aI labours, through the suhordTiiate assistance 
derived from clerks of the works, who arc confidential aids in keeping the 
accounts and overlooking workmen, and also by the intervention of a Variety of 
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ciintractors of skill and ability, each perfonning a 4 >art in the construction, to 
which the aftention of his practice has been exclusively devoted, and thus 
producing a perfect whole. In India, however, the case is very, different, for with 
exception to the presidency, llicre are no practising builders, or masters of trades 
with knowledge, experience ami capital to undertake a contract for any other 
than earth-work, and tile jmtience and time of the engineer are even here 
s(*vcrcly taxed to obtain the proper performance of the work, to the hindrancx? 
of other duties—neither are tliere by trade wholesale brick-makcrs, house; carpen¬ 
ters, ii‘on-iiiongei*s or machinists, to furnish by order tlic requisite material and 
appliances for the Engineer^ use; and although in all iMirts of the world an 
Ihiginocr should be acquainted with the severiil tnidos, in order that lie may 
siieeessfully direct his contractors and workmen, it is more p.\rticularly neces¬ 
sary in India that he thorouj^dy und(‘r8tand the interior d(;tails of all work¬ 
shops, and have accurate knowledge of the methods of selecting, prej)aring and 
using- every kind of material, whether the produce of the quarry, the forest or tlie 
forge, for his professionjil excellence will depend on the correct adaptation ni' 
material, Jiubits of discrimination and judicious superintendence. Tlie J'aigineer 
in India is often liable to be thrown into situations, where from tlie i^nor- 
ance of workmen, absence of mechanical means or other causes, he is entirely 
Thrown on lus own resources, and must trust to his ingenuity and knowledge 
to procure and fashion his material and to carry his work to a successful issue. 

3. lu' India the (Jivil Engineer is also a Military Engineer, and though 
some of their o})erjitions are similar, they are carried on under very different 
<;ircumstances. The Military Engineer is called on in time of war to reconnoitre 
or survey a road, to render such road practicable for the Army’s inarch, to con¬ 
struct a tempomry bridge, and throw up earth-works of various kinds, and these 
works from the haste in which they are executed, and the scanty means often 
afforded for their execution, are not cakulated-to endure, and yet they must lie 
strong enough to answer the intended purpps(j/^ These works too he carries on 
in the face of enemies who are endeavouring to^Libstruct him in every way. In 
time of peace he is called on to VxorcUe liU talents in the construction and 
repair of fortifications and the various details connected with this branch of liis 
profession; S(^ that whilst exercising his calling as a Civil Engineer, he must 
keep up his habits of a Field Engineer’s life, his energy, activity, and Military 
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skill must not be allowed to desert him, as his transition from the one to the other 
employment is sudden. Thus the talents of an Indian Engineer are required to 
1)6 as manifold as his services are arduous and valuable. 

4, The Civil Engineer’s duties arc carried on in a manner very dissimilar 
to those of the Military, his surveys are without dajigcr, he has time to con¬ 
sider his plans, facilities for obtaining his material, his works are not those of 
a day, destroytid as soon as finished, his aim should bo to work for postcijity, 
and to make his work as enduring as possible. To do this, every aid of science 
must he called into requisition, he must be acquainted with the various mate- 
I’hils he has to deal with, their mechanical properties of cohesion and solidity, 
and their chemicnl*properties which make them more or less liable to decay, 
lie must unclersttind the j>owcrs of mechanics to raise vast masses to great 
heights, also the laws of forces by* which bodies p1*ess and operate upon cjich 
other, and the best means of putting parts together with a view to the framing 
of a roof, whether 5f iron or timber, or the construction of an n rch, and these can 
only bo a.sccrtain(‘d by mathematics. The power of the (dements in every shape 
lias to be battled against, the merciless wave, the rapid torrent, tbe*gigautic 
power of steam, the raging tempest, hnve to be withstood and overcome by 
constructions which shall resist them all, and though it is seldom in Europe^ 
that one attends to all, yet the Indian Engineer’s occupations display a versa¬ 
tility wliich should be capable of coping with the numerous branches of liis 
jirofession, nor are the above items all that such profession embraces, he should 
be an Architect as well as an Engineer, and a study of the guiding rules and 
principles of this ennobling science must be entered into ere he undertake the 
designing or executing of public buildings of extent and consequence.* It is a 
fallacy to suppose that all that is necessaiy to form an Architect is, that he be 
iibl(^ to dniw tasteful designs and elegant compositions gratifying to the eye, 
and that ho b(^ capable of embelli^ing the position of its crecti()ii; he is totally 
•unworthy of the name, unless he ^ able to the whole detail into execu¬ 
tion, from the selection of the cldy which forms h^ bricks, to the .completion, of 
the most lofty moulding. The very derivation of the word implies 

this power, aijd without the conception of the means of execution, he might 

* A TrcatiBe on Architectun is intended to be given in tliis work, ft-r.-ning Part 111. 
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produce designs apparently admirable on paper, but impossible to be carried 
into effect. ‘ On the contrairy, possessed of the principles, he works boldly, 
obtaining a maximum of stability with a minimum of material, combining the 
taste of the Architect with the strength of the Engineer. He should therefore 
not only be able to design with artistic and practical exactness, but be able to 
execute the artificial foundation of piling, concreting, building, roofing, and 
completely finishing the entire structure. 

.5. It is licnce apparent that a very considerable acquirement of know¬ 
ledge of various kinds is necessary to the practical Engineer and Architect, 
and great assiduity and application are required for the attainment of most 
of that knowledge: much too that is obligatory from the officer or head, is to 
be expected from the subordinates of the department, the Si^b-Assistant Engi¬ 
neers, Overseers and AssistaiU Overseers, before they can be considered quali¬ 
fied to act as aids to the Engineer or Architect, so as to be entrusted with the 
execution of public works, as incalculable mischief has been dnd will be caused 
from the absence of tlxe knowledge of the arts of building in its various details, 
the employment of improper or Inferior material, the insecurity of the framing 
of a roof to bear the superimposed weight, or an unscientific Bridge, They 
should know— 


Arithmetic, . \ , , . . . 

Vulgar and Decimal Fractions, ...I “U the fol 

Geometry, . J 


Algebra and its application" to" 

Geometry, . 

Plane Trigonometry, .. 

Mensuration, ... 


As applicable to Surveying, Level¬ 
ling, Estimating, Eartli-work, Road; 
making and Architecture. 


^ / Stone, Brick, Mortar, Timber and 

Preparation and use of 31aterials, | 

rn, , c 1 1 . T * r • a{ applicable to Carpentry, Con-. 

rhelaws6fthe^ecbanicidpower8,l Iron-work and Ar- 

Strength and Stress or Material, 

Artificial Foundations. 

/Of Road-making and Embankments, 
Earth-work, .| Drainagep Canals, &c. 


Drainage^ Canals, &c. 
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Levelling and taking Sections. 

Constructive Masonry. 

Principles of .Carpentry. 

Ditto of Bridge-buifding. 

System of Accounts and Book-keeping. 

Estimating and Measuring. 

Outlines of Architecture. 

As is the case at the College at Roorkhee, apportioning to each grade tlnit 
amount of study both theoretical and practical, which shall most effectually ht 
them for their appointed duties. The contemplate^ increase to the College at 
Roorkhee, with the addition of its museum, library and model-room, is calculated 
to confer a most important boon on the Department of Public Works, by sending 
out valuable and practical assistants to the Engin^r, the effects of whicli can be 
foreseen by all who have had the experience of former years in the Department. 
'J’his extension oflihe College must eventually be highly appreciated by Grovern- 
inent. The different classes of study at the College •will be given in Part 
IV. A student having gone through the above course, could not be more use¬ 
fully employed, or gain a better insight into his duties than by commencing bis 
career as a clerk of the works, and there are no means that could be adopted 
better calculated to improve the condition of the Public Works, or the position 
of the Engineer, than that of providing each officer with such assistance, reliev¬ 
ing him from the fetters of books of accounts which tie him to the desk, leaving 
him insufficient liberty for the superintendence of his district work, and none at 
all for the improvement of his mind in the various branches of scientific attain¬ 
ment which have been proved to be necessary to the Indian practical man. 
Whilst relieved from the accountant’s work, the Executive Engineer would 
find leisure to superintend one or two apprentices, who, by studying in his office 
and attending his works, may he gradually trained to be OviJrseers, but who 
, should not be allowed to practic(»r receive their pay as such, till proficieiit in 
the studies laid down»for this gmde at Roorkhee,^of which the Engineer will 
satisfy himself particularly. 

The ^uty of a clerk of the^works is to give no directions of his own, 
except in cases of emergency, in the absence of his superior wh§re delay would 
be attended with pernicious Jesuits, but to act under the orders and specifications 

n . 
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of hi» princij^al, and to watch that such are punctually complied with. He 
should constantly yisit the w^rks of the station at which he is resident for 
the above purpose, mustering work people as often as possible, and taking account 
of materials, their quality and consumption. He should measure the works as 
they proceed, and be careful that they correspond with the working drawings, 
of which he should have the custody. In the office he should be entrusted with 
the keeping or checking of the day hooks, the examination of esjimates aftcir 
they have been prepared by the superior, and the rough drafting of bills. He 
tluis not only becomes of essential service to his principal, but constantly 
surrounded by work ajid workmen; he sees ijperations going on, and becomes 
acijuaintcd with both means and tools, is readily able to calculate the quantity of 
work which a certain number of workmen should perform in a given time, and 
lays up for himself a fund of^useful knowledgb which cannot fail to be useful 
to him as a future Civil Engineer. 

7. One of the preliminary operations of an Engineer Architect is the 
preparation of t he drawings for the execution of the works that arc to be carried 
into effeot; neither reading or study will of themselves enable him to digest a 
good plan, (?xpcriencc and patience must be brought to his aid. Its primary 
formation is an effort of the mind, and the first step is to gain an accurate 
ncquaintance with the locality of the work projected; this must be obtained 
by a visit to the spot, and by making the necessary inquiries of those living 
in the vicinity, who are best able to supply the desired information, as for ex¬ 
ample if a Eridgc is to he built, the'particulars of the stream shoxild be ascer¬ 
tained, depths at dilTerent seasons, height of violent floods, soil of banks and 
bed, fall of bod; facility tliat exists for procuring the necessary materials, 
^vhethcr stone, brick clay or lime, means of transportation, kind of workmen, 
witli all that may he desirable to aid in the formation of correct plans, and 
iiirnishlng a Bpftcification and estimate in a^ordance therewith. In making 
these examinations the Engineer should uc^r be without his memorandum 
hoqk, noting down all that 0 C;Curs, or comes wder obseiwation, without trust- 
ing to mt^nopy; such notes, if persevered in, with corresponding sketohes, will 
form a useful stock of practical knowledge for the future. Having arranged 
the plan of wbaj he intends to do in his mind, the next step is to render it 
intelligible to others, viz., those who have to canvas its merits or defects, those 
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who are interested that the projected work or building is adapted to its purpose, 
and those who have to carry ^ it into execution.. The rendering the design 
palpable to otheracan only be done by means of a written speciheation in 
conjunction with the drawings, the former embracing such particulars and 
detail as a drawing cannot show, viz., the nature of the material, the proposed 
way of working it, the details of the construction, and such other matter as 
would be perplexing if it were shewn on the plan. The specification is intend¬ 
ed to leave nothing optional either to an overseer, a contractor or workman of 
any kind, and to prevent any ambiguity or misunderstanding on the part of 
the unprofessional authority who is to occupy the building, or the authority 
who has to sanction the undertaking, and who, unable to visit the spot, trusts 
solely to tlie specification to rendef intelligible the drawings. The Engineer 
himself will be a gainer by a concise specification as well as a detailed set of 
drawings, tor ])y rendering his intentions clearly understood, after-thoughts art) 
avoided, whilst alterations and additions and contingent bills, which add so 
much drudgery to all offices concerned, arc dispensed with.* 

8. The drawings proper which every En^necr should execute — 

Ist.—A ground-plan or horizontal appearance of every part of the build¬ 
ing, as seen from above. 

2nd. —A longitudinal elevation, which is the external appearance the 
building will present, viewed geometrically with the longest dimensions towards 
the eye. 

3rd.—An elevation of one of the short sides, if the building be considerabte. 

4th.—-A longitudinal section, or the appeai*ance of the building if it was 
cut through in the direction of a certain line, which should be referred to on 
the ground-plan. 

5th.—A transverse section, or the same in an opposite direction. 

6th.—Details on a larger scale of the principal parts should^be given, sucJi 
,118 construction of roof, artificial Xoipidationa, mfiuldings, and a blocdc-plan of 
position, shewing drainage, &c. tvery detail must be given with*faithful accu¬ 
racy as to actual magnitude and relative geometrical proportion, and a coiTcct 
scale drawn on^somc convenient part of the paper. ^ 

* A model epeci^catijin vUl be |ivca in the course of the work aud iippended to Pari IV. 
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9. • To enter into the details of the various elementary branches of 
ati^dy yriiSoH, have been enymerated at para. 5^ is not the object in thU :yvork, 
j|^B-becn laid down but what every Engineer shd^Jinow, and having 
the course to be pursued, he will hud all’the pnmative detail 
prepare him for the practical and constructive duties of his pro- 
w^iplicable to the Department of Public Works in India, set forth in 
' tM'!$nc?Wring Chapters. 




PART L 


C H A P T E R *1 


STONa 


10 . Mineralogists and Geologists enunferatc a great varied pf stones, 
bnt the Architect and Engineer recognize but three great divisions, known as 
“ Free Stone, Slab Stone, and Rubble Stone,” so called from their hardness, and 
the appearance of their natural fracture. Of these there are many varieties. 

• 11. Free Stone is always granular in its texture, though the grains vary 
in magnitude, and occasionally are chrystalline in form. The name of this 
stone is derived from the frecdoiri with which it is worked, one of its leading 
characteristics is, that though durable against weather, it is yet soft enough 
to be sawn by the stone-worker’s saw, or cut into form by.the mallet and chisel. 
Tt is therefore particularly valuable for decorative purposes, such as columns 
and their capitals, cornice, frieze and mouldings, or for the building of walls 
where external surfaces are desired handsome. • 

12. Marble in all its variel^ ranks hrst atnongst free stones, on account 
of the large masses ip which it/s found, its durability, its infa-absorption of 
water, the ease with which it is worked, and high polish it takes. It is one of 
the primitive limestones, being a carbonate of lime, and when pure, il perfectly 
white, though’ rarely found unvariegated. 

13. Alabaster is a whi^ stone much resembling statuary marble, but is a 
sulphate instead bf h garlwnate of lime, therefore pot a marble; it is easily 
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brittle and not durable in the open used chiefly, for 
purposes. Marbles in general have »^her names 
from the places where they are found* ^h as the Parkn 
from the Island of Paros, of the very iftnest of which the 
were formed. Florentine marble, a reddish>brq||ll, from 
and gold, from Italy. Breccia, consisting of angular frag- 
colored marbles cemented together. Sienna marble, of a rich 
buff color, variegated by other colored streaks. Verd Antique, that splendid 
green marble presenting almost every shade of brilliant green. It is called 
Egyptian marble by Architects, and Serpentine by Geologists. The common 
marble obtained in this country is impure, it is either streake/l white, or what 
is called the Dove marble, thsse are easily worked, and impart a stability and 
great beauty to buildings. 

14. Next to marble, in point of firmness of grain anp durability is the 
fine white sand stone, irhich is that most frequently used. It is composed of a 
fine silicitjus sand held together by a peculiar natural cement, so fine that it 
cannot be perceived between the grains. It bears fine carving, is strong and 
dural)le, and not affected by the weather. 

15. The Oolite, so called from its resemblance to the roe of a fish, is of 
a yellowish-white color, granular, and wholly calcareous, its grains varying 
from the fineness of sand to the size of peas, united by a natural cement quite 
visible to the* eye ; the fine grained alone is fit for building with, it is very soft 
at first, and may be cut with a common hand-saw, but hardens from exposure. 

16. The ferruginous or red sand stone, common in Central and Upper 

India, consists of a coarse silicious sand cemented bv an oxide of iron, this 
stone likewise acquires hardness by exposure to the au*. Besides the purpose 
to which it is put, it is well adapted for Bridge building, especially in arches of 
large span. ^ 

^ 17. Soap;8tone is another variety of the^wf* free sfones, found in India, ' 
it will stand great heat, and is theii^fore applicable for fire places and chimney 
pieces, fuimaces, &c., but is too soft for building with. 

18. Granite ranks amongst the most hard and dur&ble stones, it more 
properly belongs to the fanuly of refractory, tbai^ that of the free stones. It 
bids defiance to the saw afid almost to the chisel, ha^ still 'it can be woAed 



11 


ntal 


witbi expense to anjihrmy to a fait but not smooth face, and ha»uo 
to split. Its comjfflient parts are quarta, felspar* and mica., closely 
when the atone is fine. 

19. Slab stone, is of a lamellar construction, which is of' 
splits iutet parallel plates of greater or less thickness with 
great strength in the direction of its laminec, and can be cut tr^ 
the saw. This stone must always be used with its natural joints in 
jwsition, for otherwise the outsides will scale off and the stone fall to pieces. 
It is therefore useful for flooring and covering of roofs, paving and stairs, or 
in the foundations of extensive buildings, as being flat and affording equal pres* 
sure to a large surface of ground. 

20. Rubble or rough stone, comprehends all those which from their hai*d- 
ness cannot be sawn, and from tbeir brittleness and irregularity of grain resist 
all attempts to re^ce them to regular shape, save by very expensive processes. 
Such are flint, trap formations, and compact lime stones^; these stones are only 
used for rough work in foundations, or filling nn walls of more than ordinary 
thickness, backing and strengthening them in parts not exposed to view. 

21. The Engineer may be so situated in this country that he may require 
to (juarry and raise his own stone, the following observations will therefore be 
useflil. The stone found near the ^urfroe, which has been exposed to the 
atmosphere, is not so sound as that below,, where it has been subjected to pres' 
sure, and where consequently it will be of greater density. Oh opening a 
(luany, the flrat consideration is how to raise and deliver the stone in the least 
expensive manner. The work should therefore not be begun too low, but an 
excavation made in ^ side of a hill, in preference to the top, that the road 
leading to and from it ffiy be as gentle as possible. “When necessity compels 
the after-delivery from below, a gentle descent should be cut to* it to assist the 
draught of the animals employed if machinery be not available. 

The stone is f^und in be^ or masses, and on dole ix»pection will be 
found subdmded by natural joints or, fissures,* at which places the stone lias 
no natural adhesion, and one dock will easily part firoifl another, and^this may 
be done without fra&ture io either if conducted with care, though the first block 
of all must be sacrificed by dther blasting or hammer and Steel wedges, in 
order to get out*th4 <^ntigaous blocks. The vertical fissures should first be 
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8ou|^t for tl»t correspond with those in front, and the size and positioii of the 

blocks will thus be exposed, leaTiug it for detenuluatlon which shall 
be Jire .Oftgsacrificed to enable the adjoining ones to be got out. Steel wedges 
renne^ be worked with heavy hammers till enough of one stone be cut away, 
to^ffi^&e removal of thd block required, which can then be shifted by small 
and on the undisturbed side of it, and when shifted can be easily 
removed by the opplication of iron crow-bars or levers raising it sufficiently 
to get rollers underneath, by which it can be transferred to a truck, which is a 
four-wheeled platfiarm of more than ordinary strength, running either on a rail 
or hard-prepared surface. * 

22. When natural fissures do not exist or smaller blocks^ere required than 
those indicated by them, such fissures must be made artificially, by drilling a 
line of holes at regular short intervals in the direction required. A row of 
conical steel-pointed pins, rather larger than the holes, arc s^ one in eacli hole, 
and struck sharply and simultaneously by Miner’s hammers which will produce 
separation, but where the cleavag^is easy, dry hard wooden pegs may be driven 
in, which if not successful from the blows, may be made to swell by forming a 
bank of clay round them capable of holffing water, when the necessary effect 
will be produced if the wood was previously quite dry. 

23. As levers are apt to break the.sharp edges of stone fresh quarried, 
the assistance of an useful and ingenious instrument called a “ Lewis,” is 
brought intd operation, being worked by a pair of blocks and fall, or system of 
puUics, the end being connected to a windlass or crab, and the upper block to u 
rough crane or beam fixed nearly perpendicularly, its upper end being over the 
stone and the crab at its foot. (Figure 1, Plate I.) shows the construction of the 
Lewis put together ; in <he opposite direction the side^are parallel, and of the 
same thickness, from one and a half to three inches, according to the magnitude 
of the work. In front the pieces c rf, c d,jfepread out so as to be twice ns 
thick at the bottom If rf, as they are at e, tfioseyhicknesses^ may be one and two 
inches. The middle piece is df the same size from top to bottoifi, two inches 
thick. Wlen the three ^ces are put together, the distance across from c to c will 
be four inches, and from ff to cf six inches, but on taking out the' screw-pin, the 
central piece e Aay be withdrawn, and the outside pieces brought together, when 
the distance from dXxid will be r^uced to four inches so that if a dovetailed 
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Cavity » sunk in middle of the upper side of a Hock of stoife four inchiCfl 
wide at top and ap/eading to six inches at bottom^ and deep enough to take in the 
whole Lewis (which may be from four to seven inches long),*the piwes^an 
be separately introduced, and on putting the centre piece betwe^ them,'w^ the 
bolt and shackle attached, no force can withdraw the instrumeht^ni^i^lli^ear- 
ing away the upper part of the dovetail. The Lewis therefore bCcdDCies,,j|^ 08 t 

powerful handle for lifting or lowering stone. 

« 

THE DURABILITY OF STONE AND BRICKS—.iND THEIR RESISTANCE 

TO THE CRUSH. 


^4. As the following remarks apply equally to both the above materials, 
they arc here plaped between them. The object of inquiiy is their durability 
and strength, and how these qualities may be affected by their positlcai in a 
work, a knowledge of this will affect the section as well as their application 
to the greatest advantage. The durability of material can only be known by 
trial and experience, from which general deductions may be made; it is impos¬ 
sible to lay down rules applicable to aU cases, as it must be a knowledge gained 
from experience, which forms the surest guide. All that science can do is to 
select the proper materials and to try their cohesive force or strength by 
approved methods, recording the results faithfully, and describing such material 
that its identity may always be recognised. Being in possession of such observa- 
tions, it will be for the practical En^neer tp make experiments on the materials 
ho has to work with, in order to determine whether they are worthy of more or 
less confidence than thelbcamples cited. * 

25. The absolute strength of materials depends on thqjr coherion and 
ten^ty, so that strength wUl ^ governed by the quantity that is exposed to 
* action, or the area of surface ach^o*. IS is however fi>und in practice, that the 
power to resist compression increases more rapidly than the surges. Fracture 
can only take ^ace when the power applied is so great as to overcome the cohe¬ 
sion of the particles* composing the^mass, they then give way laterally and are 
said to be “ crushed,” so when a cube of any material of a quarter ol an inch 
square is subjected to pressul^ having no externa^ support to assist it, it will 
give way more readily inail if it was surrounded b]r eight other cubes of the 

D 



14 


sa^e dosely ^ to it, of one fnece with itsdf, held tocher by 

jisae cohenre power, and forming a square surface of three-quarters of an 
iiW^rinitead .of a quarter, for here the lateral spreading of the original cube is, 
Jlt^^ainire, prevented. 

> -* " The resistance of stone and brick to the crush, nsiay be considered 
both with respect to the weight they are capable of sustauiing with the uj^r 
surface exposed, or if placed between two surfaces horizontally, what weight 
they would carry without crushing. It vei-y rarely occurs t^at weights are sus¬ 
pended at the extremeties of stones, on the contrary both stone and brick arc 
almost always pressed between two parallel surfaces. If we .consider the great 
thickness given by the ancients to the 8uj)ports of their edi^ces, we may sup¬ 
pose that they had but little idea of the resistance of the material they used ; 
but the boldness of the architects of the middle ages who often carried immense 
masses on slender and lofty columns, leads us to the belief th^^ they both studied 
and knew the strengtji and properties of stone in this respect, yet we have no 
trace of,their research, their Examples alone remain, a few of which are 
here given. 

27. As an example of the smallest surface of the points of support of 
gothic architecture may be cited the two columns of the Church of Toussaints 
at Angiers, the diameters of which are 12 inches, their height 25 feet, they 
support pointed arches of free stone, and the weight borne by each is 35 tons. 
From the work of Monsieur Rondel^t, whose results agree with the experiments 
of Gauthey and thCse of itr. G. Rennie,^ the following are taken as indications 
of the pressure exercised, in some of the boldest edifices, on a surface of nim* 
square inches, given in avoirdupois pounds. 

* PooBdf SvolvdiqtoiB. 


Piers of tl\e Dome of Saint Peter’s at Rome,... 1022 

Piers of the Dome of Sa^nt Paul’s At London, .. 1190 

Piers of the Dmnc of the Invalided Ssrift. 922 « 

• Piers of fhe Dome of Saint Genevieve, ..../.. 1840 


The (pillars of the Church of Saint Genevieve, support on an area of 9 square 
inches 1792 lbs., and the wdght under which two cubic,inches of the stone 
composing them crushed was 15,344 lbs. The pressure therefore supported by 

’ Magioim, Vol IHL, jjige 
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the 9t6ne of Saint Gh^vieve, is from eight to nine times less than'that required 
to crush it. In ^the pier of the Chapter House at Elgin, the stone supports- 
a weight of tons on each nine square inches, this stone is red grit^ and has 
resisted this pressure for several centuries; the power of resistance appears 
to range betwe«i 12,720 and 23,025 lbs. on nine square inches of varieties 
of stone, whilst that of brick averages 9,150 lbs. on the same -sur&ce. As a 
general rule, neither material should be allowed to carry more than ^th of 
the weight that has crushed them in small experimental cubes,* and in the 
voussoira of an arch even this would be too much, unless under the assurance 
that the pressure is equally spread over the whole surface of the joints. 

28. The fqjlowing are the results of experiments on stone and brick 


conducted by Mr. George Ilennie<— 

Poondt Avoirdapoiii. 

A cubic inchj^f chalk crushed with, .... 500 

An inch and a half cube of half burnt brick,. 1065 

„ Ditto „ well burnt brick,. 1617 

„ Ditto „ hard paving brick, . 2254 

„ Ditto „ Bed sandstone,..'. 7070 

„ Ditto „ Portland white sand stone, .. 10284 

• „ Ditto „ Torkriiire slab stone, . 12856 

„ Ditto „ Statuary marble, . 13632 ‘ 

„ Ditto „ Granite,...• 14302 

% 

„ Ditto „ Compact lime stone,... 17354 


Density as expressed by specific gravity does not influence the duration 
of stones or rather their resistance to fracture ; for statuary marble that has a 
specific gravity of about 2*760 has not so great a powei*of resistance os granite, 
the specific gravity of which is 2*625. , 

29. The rule that is generally followed for determining the necessary 
*8trength and dimensions of a colyfim'for vertical support is to take such of the 
experiments as have been detailed as may suit the case, and inultiply the Re¬ 
sult given till it reach the power sought for, and then only to take dbe-fourth 
or fifth to work upoik Thus if a square inch of brick can safely bear 600 lbs., 

* One-ninth of the {Sushing weigfatls ebout equnl to (we-ifth of whnt may be termed the power of 
reflirtanoe, or what the material ciCn bear, although it would not be prudhnt to subject k to so muSb. 
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two inches iHbuld support l,2p0 lbs. and ten square inche#6,000 Ihe., but instead 
of tnisting ten inches of brick to bear 6,000 lbs., but a fourth or fifth ^ould 
be f^laced on it, or, if the whole load is necessary to be carried, the surface of 
th& brick-work should be extended to four or five times 10 square inches; this 
is merely making the strength increase as the area, and then using one-fourth 
of the result, (para. 27) and such is deemed safe to guard against what may 
be temed imperfect constaiction, by which is meant the almost impossibility 
in practice of getting either wood or stone in large pieces to bear equally on 
every part of the sur&ce prepared for their support. Thus a pier of brick¬ 
work containing 180 square inches of surface might be built to support a weight 
which it would be fully competent to bear, if distributed equally over its sur¬ 
face. But in placing the lead on it, either fixim difficulty of raising or other 
('.ausc, it might happen to rest on only 10 or 20 square inches, which being 
incompetent to bear it, would give way, transferring the weight to some other 
small portion,equally weak, and thus the whole might fail. 

The specific gravity of ordinary sand stone is 2*113, weight of a cubic foot 
141 lbs., is crushed on an average by 5,023 lbs. on square inch. 
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CHAPTER II. 

BRICKS. 

30. THcre are four distinct points for consideration in the manufacture of 
this material; Ist, the preparation 6f the earth ; 2nd, the moulding; 3rd, the 
drying; 4th, the burning. 

THE PREPARATION OP THE EARTH 

31. Clay is the material that has at all times been used for making bricks, 
it will be useful therefore to notice in the first place its peculiar properties, in 
order to show the propriety or necessity of certain operations in the manufacture 
of the material called “ Brick.” 

Alumina is one of the primitive earths, and constitutes the plastic principle 
or base of all kinds of clay and loams, it dezives its name fi^ouf alum being 
obtained in the greatest degree of purity from that substance,* while the vary¬ 
ing properties which are found in clays arise from their admixture with silica, 
iron, lime, felspar, &c., which, combined in certain proportions, render the clays 
useful for various purposes and manufactures. The red bricks owe their color 
to the presence of a large proportion of oxide of iron, 

32. Many clays are so mixed with gravely that before it is fit to be 
‘moulded into bricks it should b^ subjected to the process of being passed 

between rollers (para. 53^ and afterwards through the pugmill (para. 54), though 


* Pure alumintf or ftlnn deprived of its snlpSuric acid tad potasb, is a white tasteless insoluble sub¬ 
stance, attracts moisture and adheres closely to any moist surface, when mixed witb water is ductile and 
tenacious, and capable of being mouldy to any form, hence its value to the potter.— 

Manual of Ckmutts. * * 

» 
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if the fo^ne^ has done its work well and effectually crushed the gravel,* the 
puguuU need not be used except for the preparation of myulding, arch, and 
column bricks, and particularly for tile-making. The gravelly clay is generally 
of a yellow ochreish color, and the pebbles containing lime, would, if burnt 
with the clay, expand and split the bricks. Attention however is necessary in 
the use of this clay or “ marl” containing lime, as but a very small proportion 
of that substance is admis^ble in brick clay, and then only i^ a pulverized 
state, the presence of lime can easily be tested by pouring a little acid on a 
solution of the cloy, when, if it be present, an effervescence will be apparent. 
In alluvial soils bricks made of the upper earth are apt to crack in drying and 
warp in burning, however well tempered or mixed with other .ingredients, such 
soil is therefore to be reraovt^ and better clay* 80 ught for below. 

33. A stiff, tenacious, plastic clay is unfit for making into bricks, as they 
wll certainly split and, fall to pieces in burning, a milder clay or “ loam” is the 
proper kind containing a certain quantity of sand, and when this loamy soil is 
not found naturally, it must be imitated by adding sand to render the clay less 
tenacious. The dark volcanic friable soil, and the disintegrated red soil of 
Bundelkhund and Malwa, are totally unfit for brick-making, as their component 
parts possess no self-adhesive qualities, and even in a kiln-burnt state they will 
not resist heavy rain but crumble under its effects, they are therefore oUt of 
the question in a sun-dried state. Beneath such soils the ochreous clay will 
often be found and should invariably be fought for where it is necessary to 
make bricks in those parts of the country. 

Tlic Dutch make a moat extensive use of bricks, of which they have several 
kinds. Not only are bricks used for ordinary building purposes, and for fur¬ 
naces, but also in great quantities for foot pavements, towing-paths, streets, and 
high roads. It may be observed, that they have of late been us(;d very 
effectively in England for thef pavement of railway stations. The paving bricks, 
or Dutch clin|Ccrs, are the hardest sort, and are principally manufactured at Moor, * 
a small village about two miles fnJm Gonda, in South Holland. The brick fields 
arc on the banks of the river ** Yssel,” from which the chief material is derived, 

being no other than the slime deposited the river on itfe shores, and at the 

« 

* rrocUce in Wanriokahire, where the bttt bricks in Euland are made. 

• « • • t 
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bottom. The slime of the Haarleein Meet is extensively used for*this purpose. 

This is collected ip boats, by men with long poles, having a cutting circle of 
iron at the end, and a bag-net, with which they lug up the slime. The sand is 
also obtained by boatmen from the banks of the river “ Maes.” It is of a *fine 
texture, and greyish color. The hard bricks are made with a mixture of this 
slime and sand. River sand is recognized as one of the best materials fov 
bricks, and i^sed by the London brick-makers, who obtain it from the bottom 
of tlie Thames, near Woolwich, where it is raised into boats used for the 
l)urposc. For what arc called in France, Flemish bricks, and which are 
manufactured in France, Flanders, and on the corresponding Belgian frontier, 
liver sand is prefjprrcd, and is obliged to be obtained from the Scheldt. At 
Ghent, and lower down, a considerable traffic is carried on in the supply of this 
material. The quantity used there is about one cubic foot of sand per cubic 
yard. 

The slime and sand, being mixed, are well kneaded .together with the feet, 
and particular attention is paid to this part*of the process. The mixture is 
then deposited in heaps. The mode of moulding and drying is similar to that 
used elsewhere. The practice can be effectually applied in Calcutta, and wher¬ 
ever the rivers afford slime and sand similar to the above. { have seen excel- 
lenfbricks mode at Howrah from a mixture of river slime and brick clay. 

31. To prepare clay for brick-making the invariable practice both in Eu¬ 
rope and America is to dig it from its native bed previous to the setting in of 
Winter, in order that it may be subjected to the action of frost under the effect 
t)f which it disintegrates, and its substance divided into such minute particles 
as to render it more fit to be combined with other substances necessary to the 
manufacture of good bricks, such practice is strongly recommended to be fol¬ 
lowed in India, for the cold is sufficiently intense to act effectively on the clay ; 
by far too little attention is paid to the manufacture of this most useful ma- 
' terial, and the value |md importance of following the firmly estabjished practices 
herein described, will be fully acknowledged* by* the production of g material 
which shall resist the corroding influence of moisture so destructive to the 
bricks as at present toade. The soiTmust be dug, and if not naturally fit for 
the purpose, ought to be artificially rendered so, by the following means, which 
is an abstract of the pr^tice above alluded to. Quantities of clay each^equal to 
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the manufacture of about 2,000 bricks or 260 cubic feet, are to be dug up before 
the cold weather, (September and October)* and laid on levelled ground, which 
if a little below the general surface is better, if sand is required, it is then added, 
if not, the clay is worked without, but in either cose, it is subjected to a 
tempering process being cut, slashed, and well worked with spades or fowrahs, 
adding water to soften it. If the clay is gravelly as described in para. 32, it is 
to be passed between the rollers previous to being tempered. JiVhen the clay 
has been well worked for several days till no lumps arc perceptible, it should 
be left till February, when the sun getting warmer the whole will have become 
an uniformly soft and yielmng mass. This process should be considered ne¬ 
cessary as well for sun-dried as for kiln-burnt bricks, and^even for the clay 
plaster with which the former are almost always covered, to which a proportion 
of cow-dung should be added. 

35. Although “ cucha masonry” or masonry of sun-dsied brick has been 
executed so as to last fpr centurieaf by the Egyptians, Greeks and Romans, its 
duration .was owing partly to thd clay having been exceedingly well tempered, 
partly to its having been mixed with finely chopped straw or wood dust, and 
partly to the length of time the bricks were allowed to be exposed to drying 
before they were used. In India the practice is to dig, mould, .and place the 
bricks in a wall often within two months, with but little regard to the nature 
of the clay, untempered, and not perfectly dry ; in that state the bricks have 
the elements of decomposition and .destruction within themselves, being very 
porous, full of impurities, and containing the larvaj of white-ants, the most 
destructive of all causes. Now the disunion of the particles of the clay by 
cold, the proper mixture of sand with tenacious clays, and the suffering to dry 
f(jr an entire season or more, would tend materially to destroy the germ of 
white-ants in the bricks themselves. When small quantities of bricks are re- 

* It is gencralljr known by the month of October, wfiat Vork is likely to be undertaken during the ' 
foUbving ftenRoo, Und the quantity of tiny can be accordingly prepared, an<f sufficient bricks obtained to 
last till the AiRceeding year's kilns are burnt. 

f One wnrk in partScalar (e pyramid) 10 leagttee from Cairo, 150 feet high, rectangular base 310 X 157 
feet measured by Dr. Focock's in 1738, constAoted by tlfe Egyptians. The Greeks wd Romans likewise 
used them, but nut until they had been dried for two years at least. At Utica the Magistrate was forced to 
certify that the unburnt bricks bad been made fire years before /he inhabitants would use them.— Creiy, 
Book U, 77. - ' 
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quired the clay may be tempered and mixed by placing it on a herd bottom, 
well working with ^»ado and fowrah and puddHng or tramping it with the fcct^ 
the layers of da^nlever to exceed 10 or II inches in thickness, and as much 
water given as will sink the feet 8 or 9 inches at every step, layer after layer 
may be added till the requisite quantity is obtained^ in this operation neither 
labor nor water must be spared, the water being afterwards drmned off, or the 
clay spread out to dry.* 

THE MOULDING. 

3G. Before the moulding commences, which it may in the latter end of 
February, the clay should be rendered perfectly mild and yieldingly consistent; 
if too dxy, water should be adde<^ if too moist it should be opened and spread, 
and during the hot weather it would prevent its return to lumps and otherwise 
getting injured if ^t were covered with light but firmly secured thatch, which 
213 the clay is used would answer for drying all finer kinds of bricks and tiles 
under, a measure quite necessary with such material. It is at this stage of the 
process of preparing the clay that the London brick-maker adds the breeze,” 
which is the refuse of the dust-holes, and contains cinders, fire-dust, and decay¬ 
ed matter of kinds, and is added to the clay in the proportion of about ^th, in 
order that the brick may possess an ^ement of combustion within itself, and 
thus become red-hot throughout, the breeze besides materially improves its 
durability. Sawdust, cow-dung in powder, litter and dry grass of all kinds reduced 
very fine, would have a similar effect, and might with advantage be added to 
the brick clay in India, though about ^th would be sufficient proportion for 
such ingredient, and the whole should be particularly well incorporated. 

What is termed “ strong clay,” is generally sufficfently free from stones to 
be used without washing, and the bricks made from it are hordtand sound, but 
are liable to crack and contract very considerably in’drying, and become warped 
• and mishapen in burning. These *derect8 are in a great measure removed by 
mixing the earth with chalk, reduced to the cdnsisteacy of cream, as will be 
presently described, which greatly diminishes the contraction of the clay, and 
improves the (Jblor of the brick. 


* Islington's Civil Engineering, Art 484, page 207- 
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Sf. It.is very necessary to see to the condition of the bri<^-]noulds and 
tables, previous to com^ndlig the manufacture of t he season , and such inspec¬ 
tion should not b^^trus^ to natives, who fr om unfit 

to appreciate the value of efficient means and will allow moulds to be used which 
have been somewhat distorted by wear, and tables with their surfaces uneven, 
split or warped. The moulds and tables should both be of hard-seasoned wood, 

Isometrical view of a Moulding Table. 



A, solid basket. B, detached water-box. C, moulding board. D, water-box. day knife. 

the latter perfectly level, having a watertight trough conveniently attached fur 
dipping the empty mould in to clean it after the delivery of eacn brick, or in 
which a seepnd mould lies ready cleaned by an assistant boy, as the moulder is thus 
enabled to work uninterruptedly. The moulds should be of old seasoned teak, 
sissoo, or toon, bound and edged mth thin iron plates and perfectly rectangular. 

Isometridal view of Brick Mould. 


For dimcnuoni, sm page 28 opposite. Tbe edges are j^lathl with iron. 
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As clay shrinks in drying, if the brick is to be 12''x6''*x3', the viould should 
be 12f'X6J'X3J^) but Ilj'x6'x2i' is a betteriKmension, as 'with the proper 
quantity of mortaf, four courses of brick-work will measure a foot of height, which 
is a convenient reference; the moulds in this case should be 12J'X6J'^XS|'. 
In Europe and America brick-work is measured by the rod, which is equal to 
272j; supl. feet, and in estimating, the walla are said to be one, one and a half, 
or two bricks thick, and as the number of bricks of the standard size id a 
rod of work of these various thicknesses is known, the total soUd contents is 
easily arrived at. In India, as the practice has hitherto been invariably to cal- 
(lulate by the solid content, no counterbalancing gcod result would be obtained 
by altering the system; it may however be improved, if not perfected, and in 
addition to the reasons noticed above for la 3 dng down the measurement of the 
standard brickatll4"x6"x2J'',thefollowingmaybeadduced. Walls estimated 
at 2 feet and IJ feet thick, are, if constructed of the brick 12'X 6", respectively 
25 and 18J inches in thickness unplaatcred ; and the native masons will often, 
if strict accuracy is enjoined, actually chip off the ends of good bricks that the 
thickness of the walls may gauge properly, and as they are not particularly 
careful in the operation, (in itself to be condemned) more is broken off than 
ought to be, the rough end is placed towards the interior of the wall, and the 
difference filled m with mortar, thereby weakening the Wall, and wasting 
mortar. By the careful preparation of the material according to the instructions 
laid down, the mason is provided with bricks in the laying of which he has the 
least possible labor consistent with proper bond and plumb work, as there is no 
opening given to him either to mutilate the bricks or swerve from specified 
dimensions,* whilst the calculations of the architect are facilitated both as regards 
the measurement of exeq|jted work, and the quantity of material consumed. The 
size of the English brick 9" X 4^" X 2 has been justly condemned by Nicholson, 

Gwilt, and many modem architects and buildeys on account of the greater 
•amount of labor, and quantity of ftortar consumed than would 1;^ the case in 
the execution of a piece of work with brickg of. somewhat largfer efimension, 
though the above dimenrions were fixed by law to enable the tax iiAposed to 
be equalized everywhere. The Act limiting the size of bricks was passed in 

• 

’ Tliitf matter itill oorl fully illustruted uuder the head “ Brick Mits^ry." 
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the early pa^ of the reign of George III.* when the advancement of the arts was 
a matter of far less importain:e than now, and may be considered rather an 
arbitrary Act than one resulting from due inquiry from oxpertenced professional 
men, as its origin was owing to the Umit of nine inches which the law assigned 
to a partition wall of a house. The ancient Greek bricks most in use were the 
Didoron or two palms in length, which corresponds to a foot, and they were 
half a foot wide.* There were also, the tetradoron and pentradoron, or three 
and five palms in length, but these were most likely used for pavements and 
slabs for rewfs. As regards the burning, it is thickness, greater or less, which 
retards or facilitates the roasting, as the bricks are laid on edge in the kilns, 
with an interval between each row, and as 2^. inches the thickness of the smaller 
brick, is retained in the dimensions laid down for a standard, ahd moreover as the 
length and breadth respectively of 11and 6" have been shown to possess merits, 
the result is I think conclusive as to what is the best form of brick for buildinir 
purposes. It is very necessary whilst the manufacture is in progress that half 
bricks be made in moulds for the purpose as good masonry cannot he executed 
without them. The loss by breaking whole bricks, and the insertion of irre¬ 
gular pieces in the interior of walls, are serious evils. To every lac of whoh* t 
15,000 half bricks should he made. 

38. Bricks ^ay be and arc by the Natives, moulded on the ground, but 
the surface should be first perfectly leveUed and hardened, and also smooth 
plastered. •An Overseer should constantly visit the brick ground to see that 
the clay is not put into the moulds in too inoist a state, for the bricks will 
shrink too much in drying and be otherwise inferior, and yet this is an evil 
iionstantly committed, as it is easier to mould very wet clay. The consistency 
should be that of well-lcneaded dough, let drop with ||me force into the mould, 
and pressed into the corners, the superfluous clay being cut off by an iron biife. 
Previous to commencing to iqould, the table should be sprinkled 'with a fine sili- 
cious sand through a sieve, or what is better^ the ashes of the kilns powdered and*^ 
sifted, th(i mdulds should be Hke^iise sanded that the bric*k may turn out clean. 

A board*!' or 1' inch thic^ a little wider than the mould, and three inches 
longer, is laid over each brick as it is moulded, and the surface of the brick 

• » 

* OwUt'0 £ttC]rclop«dia of AKbUecttire, Bbok lI.,^Chtp. H. 



25 


being sanded the whole is inverted, when the moujd may be d^awn^lp with both 
hands carefully, ajid tho soft brick carried away to the drying ground on the 
board. The &csh mould is then taken from the water trough, sanded, and the 
operation continued. Two men and a boy are required to each moulder, ‘one 
bildar for digging the clay, tempering, and supplying the moulder, and one 
for removing the bricks on the boards as moulded, tbe boy for cleaning 
moulds, supplying sand, &c. To prevent the loss of labor consequent on the 
conveyance of each moulded brick separately to tho drying ground, a bar¬ 
row should be provided with a raised stage on^it, so arranged that it be 
level when the barrow is in motion, this stage should contain 20 bricks; 

PLAN AND 8EC-TI0N 

OF A 

BRICKMAKER’S HACK BARROW. 


FLAN 
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care should (e taken so to dispose the tables or moulding places with reference 
to the drying ground, that the barrows shall not hare inequalities of surface to 
pass over as concussion will be injurious to the yet tender brick. The turning 
boards should be left under the bricks for half an hour after they are iirst 
deposited. 


THE DRYING. 



39. The surface of the drying ground is of course sanded over, and the 
man in attendance, as soon as the bricks have become a little hard, should move 
them to the sanded spot from whence they were first deposited, placing them on 
their edges, by inclining the \>oard with one hand and applying the other to the 
brick, whilst he slides away the boards to be returned to the moulder. The 
soft bricks are disposed in an angular manner like a worm-fence, but in 
no case more than two inch^p apart and not touching any where thus— 
^ ^ ^ ^ A row being finished, the bricks are sanded on their 

tops, and when sufllciontly hard, a second tier may 
be laid on them, and soon till six tiers arc completed, 
which is as much weight as the lower ones will bear, 
withdut affecting their shape. The object of thus placing them is to allow the 
wind to blow freely through and diy them effectually, but this should not take 
place too rapidly or they will errfek with the great heat to which they are 
exposed in May and June. It is advisable therefore that the lines of bricks be 
covered with a rough thatch, sufficiently strong to prevent its destruction by 
storms or the strong hot winds. The moulding shoyJd likewise be conducted 
imder thatched cover; and it will be found that the expense attendant on all 
these so necessary precaution^ will not enhance the cost of the material so much, 
but that far greater proportional advantages will be gained by the superior, 
quality of both the bricks and masonry. When sufficiently dry for turning, 
the bricks should be moved to an adjoining spot previously prepared, disposed 
on their edges, this time laid parallel, inch apart, the^edge that before was 
downward being now uppermost. In the courses, each brick is placed over the 


MniiSgton’a Civil EngiaMrisg, Art. 48A ps^^266. 
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Opening betwedii the two below, and the six co^rBea again competed. They 
do not require tjie sun now and may be under cover of thatch, the air 
complete the drying, they may require turning twice and should by no means 
be carried to the kiln till thoroughly dry. 

40. Bricks required for fine purposes, such as columns, mouldings, or 
arching, are dressed, (when about half dry, so as to be handled without inden¬ 
tation) by placing them on a dressing bench for the purpose, first patting their 
sur&ces with a flat board, and then chamfering them for their intended pur¬ 
poses, with a knife, vide Plate I. Fig. 2. Column %ad arch bricks are made in 
moidds expressly for such works. 

41. The brown color of conjmon clay is deifved from the oxide of iron* 
which, when burnt, causes the brick to be red. Such a color, though almost 
universal, is nevertheless hot and glaring. Calcareous clay of an oohreous tinge 
or “ malm” eartlf has been found in several places in England which produces 
a buff-colored brick, and which is an excellent color, a^eable to the eye and 
cooling to the temperature of the building, such clay requires no mixture of 
sand, only ashes; where this clay is not found, the English brick-maker rubs the 
ordinary ^‘marl” about in a peculiar kind of sand obtained in ihe River 
Thames near Blackwall, before dropping it into the moulds,.and when moulded 
the bricks arc Imd ou boards also covered with this sand, and the up^r surfaces 
are sprinkled over with it from a sieve. Thus coated the bricks when burnt 
assume a greyish color, and are used for the facings of buildings.* 

THE BUR^G. 

42. The term “ burning” retained here on account of the usual accepta¬ 
tion of its meaning, is incorrect, the object being not to burn the clay, but to 
drive off the moisture by gentle apd ^equally diffifsed heat, and then gradually 
to roast the bricks. .This operation is one of great nicety, and t;arioua m ^the 
methods adopted for producing the proper d^;Fee of firing with the pest effect, 
such are the IoId burning, clamp, flare oven, and as each may be applicable 

* It ia well worth while for eveiy pereon engaged in extenalTe dietriot brick^maUng, to MSreh and 
inquire for both the oalqiveope olaj, and to analyze the aanda of riren, u the prodnetioa of light-odored 
bricka ia on object deTOuUy' to Ve w^ed (or in India. 
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with reference to localities and resources, it will be necessary to describe them 
all, pointiug out their respective merits, and comparing them ^th the ordinary 
Hindoostani method which partakes of the nature of a damp, and of which a 
description is given. 

43. A kiln is formed of bricks cemented with clay built into a rectangu¬ 
lar form, with very thick side walls, and a doorway at each end for carrying in 
and out the bricks, these doors are built up with unbumt bricks laid in clay 
whilst the kiln is burning, and a temporary roof of any light material is placed 
over the kiln to protect the jaw bricks'from rain during the process of loading, 
but which is removed previous to firing. The walls are generally about 3 feet 
thick at base, diminishing tS 1 or feet at^top, and may be«strengthened by 
buttresses 2 feet wide, bctw&n the openings. * The English kilns arc generally 
20 + 10 feet on the plan, and 12 feet high, containing 20,000 bricks, the fuel 
being wood. They have no chimney, and are as often without fiucs as with 
them. (Fig 3, Plate I^) 

44. ' The bottom of the kiln is laid in regular rows of two or three bricks 
wide, with an interval of two bricks between each, these rows extend the 
whole length of the kiln, and are built generally six courses high, (Plate I., 
Fig. 4.) This is permanent work in kilns that have fiues or fire-places built in 
their floors', but have to be renewed every* time of loading when the kiln has 
a flat bottom. The openings between the walls are first laid with dry light 
wood, or shavings, easily kindled; then with larger brush-wood cut into short 
lengths to pack compactly, and lastly with strong burning wood. When this 
is done, the formation of the arche^ commenced by the process of overspan- 
ning, each course of bricks extezm^g an inch and a half beyond the course * 
below, for five courses in height, taking care to back up well the over- 
spanning bricks*as the work proceeds, on both sides of the arch; great care is 
neccssaiy in forming and closing the arch, fijr if it falls in during the burning, 
th(^ fire rj^ay Jbe extinguished and many bricks brokem The intermediate 
spaces between the arches are next* filled up bringing the whole to a level, and 
the loading then continues till the kiln attains its full height. the loading 
or “ wtting^’ not only in the body, but also in the walls between the arches, 
the ends of the bricks touch each other, but narrow spaces must be left between 
their ■ sides foj ^the fire to play through. This is di^ie by 'placing the bricks on 
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their edges, following the rule of^“ three upon three” reversing *he direction 
of each course (Pb^tC 1. fig. 5). The hiln bcifig filled, the top course is laid 
with flat bricks so disposed that one covers part of three others like a plait. 

45. The kiln being finished, the roasting succeeds, which is a delicate •ope¬ 
ration, ^d should be attended to only by practised'hands: the overseer should 
study this part of the operation of brick-making, for close attention and no 
little skill and care are requisite. The fuel is kindled under the arches, but 
must be closely watched, for being in a large body it would bum violently and 
crack the lower tiers. To check the burning, the arch boles are closed with 
dry bricks or even smeared with wet clay, to prevent the entrance of air, and 
the consequences of too rapid combustion. The fire should be made to smo¬ 
ther rather than hum, that by gentlb heat, the moisture remaining in the bricks, 
may be driven off, and at first they may be dried rather than burnt. This 
slow fire requires to be kept up for about three days and nights by occasionaily 
opening the vents to supply air or fuel as either may be wonted, closing them 
wholly or partially till the fire has found its way through all the openings be¬ 
tween the bridut, and begins to heat those at the top. To ascertain the pro¬ 
gress of the fire the top of the kiln must be watched, and as soon as the smoke 
changes from a light to a darker color, the drying is complete, and the fire may 
be urged. The first vapour is Ugh^colored, being only steam of the water 
evaporating, after that the real smoke of the fuel ascends, and the vents may 
then be opened to admit full draught, and a fire kept up from fbrty-eight to 
sixty hours, but not so strong as to vitrify the bricks, and wherever it encreases 
too rapidly the vents must be partially closed. Experience will show how 
much each particular clay shrinks in buAing, the stronger the day of the 
bricks the more the kUn will sink, and it is by this sinking that it is known when 
the contents are sufficiently roasted, about nine inches b the average, and when 
it b ascertained that the combustion b complete,.all air holes must be stopped 

’ carefully with bricks and clay, and ifl thb state it remains till tool, ^when the 
bricks may be dbtributed for use. 

46. It b evident from the above process, tlu^t bricks of various qualiries 
will be produced from the same kiln,* for liie fire being applied below, those in 
the vicinity will be burnt to greater hardness, perhaps vitrified, those fa the 
middle well and equally ^roasted, whibt those ftt and near the will be merely 



30 


baked or be f^peela” as the natives call tbem^ but they will often fetch a good 
price in the baasartj, and serve*to reduce the cost of the Useful bricks. 

47. In a little pamphlet lately issued from the Ci'ril Ed^eering College 
at Roorkee, is a description of a kiln which is said to possess superior qualities 
to the above, as deduced from the experience of that institution^ and as it has 
been successfully worked in Scinde* and is in common use in Persia, its more 
general adoption may be profitable.—(Plate I, figs. 6, 7 and 8) show its con¬ 
struction. The interior dimensions are 31 feet 6 inches by 11 feet, and 6 feet 
6 inches above the flues. In the interior of the-kiln are parallel walls from 
end to end 6 inches apart, Und 4 to 5 feet high. Three lines of arched open¬ 
ings in these walls form the flues from side to side of the kiln, open on one side 
for the supply of fuel, and a1^ the other hating small draugh't openings. The 
floor is sunk three feet below the level of the ground, and access to the mouths 
o^the flues given by sloping away the ground on that side^ down to the level 
of the floor. The whole interior of the kiln above the parallel walls is filled 
with bricks, at first with small intervals, and above packed close. It has no 
covering *at top, save a temporary one during the process of loading. A vigor¬ 
ous fire is kept up for forty-eight hours by ' mtinued supply of fuel. The loss 
in this kind of kiln, by breakage, vitriiaction or under-burnt bricks is less than 
in , the others, a proportion of 82 per cent, on an average being yielded of well-, 
burnt BGrvic(^ble bricks. A kiln of the above dimensions will contain 15,500 
bricks The average consumption of wood is stated to be 575 

maunds of dh&k or 20^ tons. A large proportion, but which would be lessened 
if a better description were used, as the db&k {BtUea frondosa) is not a good 
burning wood. The fuel in use by the Persians and which would improve the 
burning if applied where procurable, is what the natives put into the common 
llindooBtanee k^n, viz., stable litter, market sweepings^ and all kinds of small 
combustible ofial. Firing thjs kiln during high winds is objectionable, as the 
windward bricks will be under-burnt. ' * 

* 48. ^amp burning, the piling and disposition of the bricks is the same 
as described for the kilns, exc^t that the lower arches are smaller, as they arc 
only to contain biiishwood or shavings to»prodttce the first kindling. No fuel 

* Englaecn. Sa alao TraducScAtef Sto<CiibSod«tvof VoL U.i psge 16 B. 

• 0 ^ * 
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of a large kind is bat light Utter, sweepings and small shavings are* sprink¬ 
led over each course near the bottom, ereiy secoxfd course about the centre and 
cvGiy third near the top. The UrSt layers are an inch and a half in thickness, 
diminishing in quantity as they ascend, where the greatest action of the heat 
is. The vertical and horizontal interstices all become filled with light fuel, and 
the fire spreading as it rises soon converts the whole into one burning mass. 
The heat is thus generally distributed, and in order to confine it, the outside 
pf the clamp is thickly plastered over with wet clay and sand, the bottom holes 
being shut or opened as occasion may require to regulate the draught. 

49. Clamps may likewise be formed by arranging the bricks in a second 
set of fiues or arches six courses above the lower ones, crossing them at right 
angles, continuing this process in *both directions to the top, or height of 36 
courses. Though the distribution of the heat is more equal in clamps, yet the 
outside bricks must receive but little advantage from the fire, but they will 
always serve for the casing of the next clamp, when by turning, their unbaked 
sides inwards most of them will attain a degree of roasting as to render them 
marketable if not fit for other purposes. 

50. The common Hindoostance clamp of Upper India is somewhat in the 

form of a huge bellows-or sector of a circle; (Plate 1, fig. 9) shows a Section, 
its nsar width or length of the arch, varying from 100 to 150* feet. The mouth 
somewhat depressed below the ground level, and the clamp gradually rising to 
the rear. The mouth of this damp is alwap placed to the westward, being 
the direction of prevdling winds during the burning season. The small Hinr 
doostanee 6^ X 3^ Xbricks should invariably be burnt with the large standard 
ones in this kiln, as by this means only will the latter be properly turned out; 
the proportion in a kiln of 150 ft. width of base and three tiers of height is 
2,50,000 of the large to 10,00,000 of the small: four layers on e^ge of the large 
about an izKih asunder, with two layers of the ^pudl, compose each tier, the 
lower tier of all being entirely of *sxfldl brkka in laygrs to the thickness of 21- 
feet. Three feet of mel is placed between each tier of bricks, oomp^ed of Ba¬ 
zar sweepmgsy stable and cattledied litter, kundaha, (cow-aui^ .and 

straw) and tomhwoad. The top b^g covered with the sameeud adies, great 
care is necessary to render it impervious to rain, with clay, &c., dll the fire has 
penetrated to a quarter of the ieogth of the kilz^ after which there is little fear. 



33 


The whole wjU take from ^ weeks to two months to burn out^ but its form 
possesses the advuatage of enlhling the bpcks to be takea out before the whole 
is burnt or about 15 days after ignition, and which permits the wind to drive 
the £re to the rear. The processes of taHng from the mouth and adding to the 
rear are often going on simultaneously, Scarcely more than 75 per cent, of 
the best bricks is obtained from these kilnSf the remainder are sold at remune^ 
rating rate, and so arc tlie small bricks, serving to redu(^ the cost of the large, 
which at the principal stations vary from three to fi.ve.fupee8, per thousand at 
the kilns according to the facility of obtaining litter from the public cattle 
stables, sheds and bazars, .tiie demand for under-burnt and small bricks, and 
rent of brick land. 

51. With the proper-pfevious arrangement of the clay ^^bles and mould¬ 
ing ground, contiguous to the drying ground, the following is about the amount 
of labor and fuel that the best bricks may require under proper supervision. 
An expert moulder will turn out on an aver^ 1,000 bricks a day, in a month 
therefore of 26 working days, the total number moulded will be 26,000, and 
supposing the necessary precautions taken,- 7 per cent, may be allowed for 
breakage, the total number for each moulder will be therefore 24^050 ; the cost 
of the raw brick on the drying ground ready for the kiln may therefore be 
reckoned as foUowfe; for one lac or 1,00,000 bricks— 

4 Tables or 4 moul*ders. 

2 Bildars at the clay heaps will supply 4 tables. 

4 Bildars for conveying. 

4 Bildars at the drying ground. 

4 Boys at the tables. 

Moulds, table, barrow, boards, &c., 4 men for previous preparation of clay can 
dig and prepare in one month enough ibr 100,000 bricks or 13,000 cubic feet. 
The cost of burning will of qourse vary with,the locality, and witii reference 
to circumstances noted |p para. 50; bttt.ibl^ clamp-bumt bricks standard size,' 
oite lac *generally. consiane about ^25,000 maunds of small coznbustible 
matter ox kinds, aad. 120 niaunds of wood:* 

* As prices of materiflls and cost of labor ilnut rary iridi localiti^ ft ts nselen to giro amounts 
III money which con!d not serve as a guide to all, b&t ksowiaquaatitiei may aa^y be stated, as most likely 
to prodnoe simUar results trhefeter th^ are simUarly eaaptoyed. * ’ 
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52. The goodness of a brick U tested by its regular ^ape, hardness and 
sound. It should hare a metallic ring trhen stru^ and bear more than one 
hard blow with the edge of a trowel before divitog. The compactness of the 
fracture will also indicate the quality and the degree of perfection to whi(^ it 
h^ been roasted, and it should bat alighdy absorb mter. ^;The weight of a 
firmly-moulded and well-burnt brick will vary according to the nature of the 
clay, the average Is from lli}- to 14 lbs. 

53. The clay-crushing rollers, of which mention was made in para. 32, 
are shown in (Plate 1, figures 10, 11,12). They may be of iron or very hard 
stobe, their length is 8 feet and diameter 18 inoheB,*laid horizontally and close 
together. The outer ends of the axles turn in brass channels^ with a slight 
inclmation towards the centres, ftnH prevented from sliding when hard sub¬ 
stances are' being crushed, by preventive sarews. On the inner ends of the 
axles at h are toothed wheels of same diameter as the cylinders. The axle of 
one is prolonged by a shaft about 20 feet l<mg carrying at the*, extremity a 
levelled wheel d, worked by a motive-wheel a, Q feet diameter, the axle of which 
is raised to the height of a horse’s shoulder or bullock’s neck, to which an arm 
is attached for cattle to be attached to. The motive-wheel is level with the 
cylinders and the connecting shaft supported midway as at c, in a block and 
broad box. dust below the rollers is, a pit to receive the crowed clay, and 
scrapers are so suspended under the rollers- that their edges press against the 
surfaces of the cylinders, to scrape off all day that adheres, which frould other¬ 
wise clog the motion (figure 12). Counter-weights a o, are suspended in pro¬ 
longation of the blades to ke€^ the edges close to the cylinders.* 

54. The pug-mill is shown at (Plate 2, figures 1, 2,) in elevation and 
section. It consists of a strong conical tab, 2 inch^*tluc& bound with iron ho<^, 
generally 4 feet diametet at bottom, 3 feet 6 inches at top, and 3 feet high. It 
has no bottom, that being supplied by hard level day ground, impervious to 

' water into which it ^ sunk a littfe, and banked up to make it>^stefldy; 6 is a 
vertide square iron shaft, the bottom of whhdi IktAs in a cast-iron ^x c,let 
into a beam of seasoned wood in the ground ; this shaft carries arms of wood 
or iron d d, anSL others in a cross difectmn «A all of which are equipped with 

* From drowing* taken duriiis a to the briek-fltldi m Warwiduhlre, 1641-48. Iltey me/ bo 
arranged in onepr two seta of roUaea each, according to Ute quantitf of work. , . • ‘ 
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iron kniveSr •nnliniiig in the direction the shaft moves, that they may have a 
tendency to lift the clay. By these two actions the lumps of otay mixed with 
water are effectually broken and the whole reduced to an uniform mass. An 
inclining scraper nearly equal to the radius of bottom of tub is placed at ^ for 
the purpose of hoping the bottom free from adhesive clay. When sufficiently 
worked, the pugged clay is drawn off rapidly or slowly as needs be, by the 
sliding door r, received into a trough below, and carried away to where required.' 
(Figure 2 ) shoWs how motion is given to the mill, the track of the cattle working 
which, should not exceed 16 feet in diameter or the motion will be too slow. 
The dotted lines on this fi|;ure show how a pump may be fixed, to be worked 
from the axis of the mill, for the purpose of affording a constant supply of water. 

55. The nature and prt)perties of soork^ or pounded brick, will be con« 
sidcred in detail when treating of “ mortar,” but it is in the immediate neigh¬ 
bourhood of the brick kilns that its manufactory should be located, because the 
broken bricks as they come frpm the kilns, instead of being carried to the works, 
which they often wastefuUy are, or otherwise lost sight of^ can be made into 
soorkee and placed under sheds ready to receive it, or carted to the mortar 
trough as required. Only pieces of bricks of which there will always be plenty, 
should be used up into soorkee, and the fresh-burnt clay is not only easier to 
crush, but makes better mortar than w^ien stale. A pair of crushing stones 
shown at (plate 2, figures 3, 4,) attached to each set of kilns will always keep 
up the supply needed, and the whole arrangement is fraught with economy as 
well as productive of good material. The stones should be fully 5 feet in dia¬ 
meter and 12 to 15 inches thick, working in a firmly set iron trough with a 
raised edge, and one oblique mouth for delivery of the soorkee as it is crushed 
out. The wheels are' set oi>the same axle at^different distances from the centre 
and scrapers of ;thin iron attached, to prevent adhesioU of the soorkee to the 
surfaces of the stones.* Theispecific gravity of brick is 1*841; weight of a cubic 
foot 115 lbs., absorbs ^th of its weight of water; is emsh^ by a force of 962 ' 
Iba*. on sq|iare*incht if perfect^ well burnt. 

' A steam engi&c of amsU 
crualuDg itonea. " 


power might be eoonomiesUj emplojed to work the rt>Uer», pug-mill a&4 
t Beimie. 
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CHAPTER III. 


TILES. 

56. Tile-iijISINO requires, if ppssible, more ^re than bricks, as from their 

greater delicacy they are more liable to derangement. The clay should bo 
much stronger than for bricks, very .little sand being used, and that only for the 
very plastic kind. ^ No ashes, chopped straw, saw-dust or any other foreign 
substance can be admitted. The best clay will generally be found below the 
brick soil, and the blue clay is particularly good for tile-making : the same 
previous preparation of the clay, and the same mode of working and tempering 
is necessary as explained in paragraphs 84 and 85, and the more effectually to 
render its state uniform and yielding so that in moulding it to the various forms 
required it may not crack, the pug-mill should be employed, (paragraph 54) 
from whence the day should be removed to sheds under which the^moulding is 
conducted. . . • 

57. Patterns in wood of the exact form of the riles to be made, should 
be given to the moulders, as well as forms on and in which they are to mould 
the tiles, which will of course vary with the kind required, and should be of 
hard-seasoned wood of simplest construction, not liable to warp. These are the 
more necessary, and their use should be enforced to prevent a c6mmon practice 
of the natives of sticking on with strips orday to the edges of a flat or 
sole piece to form tha raised sides, which can be jDroken ’off by finger ^d 
thumb when burnt, they should be made in ohe piece by the aid of a 4ould for 
the purpose, the edges being either turned up over a square e^e, or worked 
into the sole, and th^ upper edge trinuned with an iron tool The drying should 
be entirdy in the shade in the hot weather, as fiton being thin, the tiles will 
warp if exposed lo the great care should be observed in kying them out 
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to dry, and l^hen set iirm, so to arrange them on ed^e that the air may have 
access to all their surfaces. A fence should encircle the drying sheds to keep 
out dogs and stray cattle. 

”58. There is not a material in use in India that requires more attention 
to improve it than the tile. The present almost universal kind, is light, porous, 
and absorbs water, is subject to be displaced by high wind or birds, and in the 
attempt to repair one of these l^uit-like tiles, a man in ascent and descent 
cracks 20 more. They are besides hardly weather-proof, and cannot, except in 
combination with that combustible and perishable material grass, reduce the 
interior of a building to a habitable temperature, whilst their diminutive size 
renders the use of a bamboo frame necessaiy, on which ip lay' them, wluch 
being perishable, rots, or is worm-eaten and sinks, the roof then leaks, its timber 
decays, and the goods contained in the building are damaged. In addition to 
which, the expense and trouble of their renewal is constant^and great. These 
are surely reasons enough to show the necessity for the manufacture of a better 
description of material. 

59. The natives bum their ordinary tiles with other pottery-ware in open 
clamps, but the flare oven shown in (plate 2, figures 5, 6,) is the best adapted 
for the kind of tilps about to be described. The walls are feet thick'at the 
flues, and 14 inches at top, with a chimney bole 18 inches diameter in the centre 
of the vault.. These ovens are 9}^ feet interior diameter^ and 10 feet high. The 
flues eight in number four feet high, and one .mid a half feet wide. Bricks may 
with advantage be burnt in these ovens with tiles; bricks are first laid in lines 
from the piers leaving the flues a, a, a, open to the centre and continued thus, up 
to the level of the tops of the flues, above that, they as well as tiles, are laid on 
edge about an inch apart in the way shown at paragraph 39, like basket-work, 
leaving the chihiney well dear all the way. Two chains at the levels of b and 
r shoiild encircle the oven to prevent its bursting. The fuel is only supplied to 

flues, and ihe whole kept burning for three days, nor must it be opened till 
the oven ^ cool. 

60. The marble tiles, which used to cover the Temples of the Greeks and 
Romans, have been successfully imitated in day both in Ebrope and America, 
and arc the very best that can be applied to the covering of buildings in India. 
They consist of flat tiles jrith raised edges extending ^m t)atten to batten on 
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the rafters, * the joints being covered by others shaped like the half-frustum of 
a cone. For buildings whore a moderate temperature is required, or which arc 
intended to be inhabited, they should be placed over a layer of the common 
fiat roofing tile 18''Xl2^XlJ' with cemented edges, in a bed of fine concrete, 
2^ inches thick. For buildings intended as store-rooms, work-shops, stables 
and others of less pretension, they may be laid alone on the battens, the edges 
being cemented. (Plate 2, figures 7, 8,) show the mode of laying the tiles, 
(figure 9) is a plan of the flat tile 16 inches long, 12 inches wide at Uf^er 
and 10 inches at lower end, | inch thick, (figure 10,•) a section of it. The raised 
edges arc one inch above the sole, and extend to within three inches of the 
upper edge, being^also f of an inch thick. The line of lap is one inch below the 
upper end of the raised edges, or Tour inches from upper end of sole, and at 
this spot the width across between the raised edges should be lO^jV inches. 
The semi-cylindrichl covering tile is sho^vn at (figure 11), the body of which 
is 12 inches long and the neck three inches. At the junction of the neck with 
the body is a shoulder ^ of an inch deep, and a bevel from that point a to 6, 
of f of an inch, tliis enables the round tiles to abut close to the soles of the 
underlying flat tiles at the lap, whilst a parallel bevel of the neck from c to rf, 
keeps that part close to the overlying ones. Thus a close fit^ng joint is formed 
throughout, the line of lap of the whole ranging in a straight line. (Figures 
12, 13,) show the transverse dimensions of the semi-cylindrical tiles, the thick¬ 
ness being half an inch; their form may be’ varied to that shown at (figures 
14, 15.) The eaves may be finished by upright arris tiles plain or oniamented 
as shown at (figure 16) either cemented on to the cornice, or if made of wood,. 
fixed on to the ends of the rafters. A plain Tuscan cemice may likewise ter¬ 
minate the caves, the corona projecting well over, and under-c^t to throw off 
the rain from the timber; or they may terminate in a gutter, and fascia of wood 
.saturated against rot, or tarred. ‘‘These constructions arc showp at either side 
of (figure 17, plate 2^. 

61. One hundred of each, flat and semi-cylindrical, are required to loO super¬ 
ficial feet of roofing, together with 10 larger adapted to the ridge, their weight is— 

100 fiat tiles, .. 650 lbs. 

lOQ aeqd-cylindrical, ... 400 

10 ridge*’ . .45 • 
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Of the flat tites 18" X12" Xfor the cooler kind of roof,, C7 will *be required 
to 100 sujrerficiul feet and their weight 1010 lbs. The concrete and cement 
for the same space will weigh about 2075 lbs. 

62. There are many varieties of tiles, one is shown at (plate 2, figure 18,) 
which is an imitation of the antique, the flat and semi-circular being formed 
in one, (Figure 10) is another variety, being a curved tile, the joints covered 
with the same. (Figure 20) is a wavy or pantile, lying like the plates of chain- 
mfil. The fillet that bounds th(i concave sides is so formed as to hook well 
over the adjoining edges, dn which case only will the lap be secure, great care 
is necessary in the formation of this tile and fillet; none arc however to be 
compared to the first mentioned, either for security or durability. 

63. During the season of manufacture, it would be found advantageous 
to make a number of flat rectangular tiles for both paving and roofing, with 
reference of course to the probable demand, but in some Targe stations they 
are constantly required. The ^izes recommended are 12"Xl2"Xl.J" when 
burnt, which answer for botli paving and roofing, but for the latter work, it 
will be found more economical in timber to make some 18" X12" xl|" espe¬ 
cially where they are required for a sloping roof to be used as an under-layer 
to the tiles described in para. CO. 

The red color of tiles in a series of buildings is glaring and unpleasant 
to the eye, to relieve which, as well also as to improve still further the tempe¬ 
rature within, they may be colored! after the roofing is complete, by coating 
them over with common bazar paint, sanding them whilst the paint is wot, or 
they may be slatc-colored previous to burning by the following process — 

2 l^arts dry tile clay, 

4 Parts potter’s lead ore (galena), 

1 Part, oxide of manganese, 

each to be redjiccd separately to powder, and then mixed to the consistency of, 
cream, the tiles when dry be,washed over with thp afiove.* The lead ore 
will answer nearly as wdl alone, if the manganese is not procurable. 

Whenever tiles arc to be glazcfi, the glaze being put on, the* tiles are put in 
a potter’s ovea till the composition begins to ran. One kind of glaze is macte 


**Commuaicflt«d by Mr. Aikrn, F. fi. S.*, 
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from, what are called lead ashes, being lead melted and stirred a ladle till 
it is reduced to ^shcs or dross, wliich is then sifted, and the refuse ground 
on a stone and re-sifted. This is‘mixed with pounded calcined flints. A glaze 
of jnanganese is also sometimes employed, which gives a smoke-brown color. 
Iron filings produce black; copper slag, green; smalt, blue. The tile being 
wotted, the composition is laid on from a sieve. 

G4. Bricks have within the last few years been made with machines, mid 
though much want of success was at first experienced from the difficulty of 
forcing the bricks out of the mouhLs as they were formed, yet latterly Hunt’s 
and also Hall’s machines have been brought into tolerably successful operation; 
Hall’s machine at Roorkee makes 11,000 bricks a day, with the following 
establishment attached under an experienced Overacer:— 

1 Tindal. 

2G Bildars. 

4 Bullocks. 

The subject of brick making by machines was fully discussed at a Meeting 
of the Civil Engineers’ Institution in London, on 25th April and 2nd May 1843, 
and many arguments advanced both for and against. Those “ for” are, Ist.— 
The reduction of cost in moulding, if the first cost of the machine is not very 
heavy and hand or horse-power alone required. 2ndly.—The greater density 
and uniform quality of the bricks. The arguments “against” are, 1st.—That 
as the cost of moulding is only a. small proportion of the whole fnanufacture, 
the saving by machinery is small. 2ndly.—That bricks compressed by machines 
are very difficult to dry, the outer surface dries and sc^iles off sometimes before 
the evaporation from the centre is complete. 3rdly.—From their great density 
that mortar would not adhere so readily to them, and 4thly.—From their hard¬ 
ness and weight they would be difficult to cut. It may be inferred therefore, 
that not very much advantage is gained by th& actual mouldiijg by machines, 
if the processes for the preparation of the clay and the use of orus^ing-roUers 
and pug-mill be introduced, previous to the ftioufting. For tiles, coljmrn, arch, 
and moulding^bricks, doubtless the machinery would be advantageous. 
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CHAPTER IV. 


ON THE CHOICE, PREPARATION, AND. APPLICATION ©E CALCAREOUS 
MINERALS, FOR MORTARS AND CEMENTS, WITH NOTICE 
OF THE MANUFACTURE OF ARTIFICIAL STONE. 

C5. Calcareous Kiinerals are composed essentially of carbonic acid arid 
lime, sugH are pure limestones, which dissolve either wholly or in part, in 
weak acids, with more or less cffervesence. Limestones are not always pure but 
are often combined with silica, alumina, magnesia, oxydes of iron and manga¬ 
nese, and bitumeni the presence of one, two, or more of these substances forms 
the various kinds of limestones. 

Limestoftes arc generally arranged into four classes, of which the first is 
marble and*white chalk, the former never,, and the latter seldom used for 
mortar. Grey limestone is also of this class, containing not more than 4 i)er 
cent, of clay, and forming beds in the mountain limestone very hard and often 
contiiining coral and organic remains. These generally furnish common lime. 
The second class is the bituminous, of dark brown color, but calcining to a pure 
white, the black marbles arc of this class. The third class is formed of mag¬ 
nesian limestoale, its repository being the pev red sandstone of geologists imme- , 
diately above (he coal measures. The fourth and most valuable class are those 
stones cou(taining a large proportion of clay; such are grey chalk, tlie bed of 
which contains no fiint, and is harder than the chalk above it. The blue lime¬ 
stone is the best, often of a dark dove color and dull aspect* It forms, beds in 
the transition afid mountain limestone, and its geological ppsitipn is between 
the oolite and new red sandstone, its direction oblique. 
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OF CALCAREOUS MINERALS. 

• 

66. Lime is divided^into two classes, “common lime” and “hydraulic 
lime,” the former applicable only for dry situations and inferior work, the latter 
having the property of setting under water, is used in foundations, damp sitila- 
tions, terraces, floors and hydraulic architecture in general. Some limes 
are naturally hydraulic, and the mode of testing such properties will be p'fe- 
sently shown, others are made artificially so. 

Although the following tests are an approximate guide to tlie mode of 
investigation of the physical characters of the mh^eral substances; experience 
by actual trial should, in most cases, be resorted to. 

67. That a mineral belongs to the calcareous class is easily determinable, 
by immersing a sinall fragment in dilute muriatic acid* or vinegar, the effect 
will be as stated before, or by trying to scratch^it with an iron point to which 
such mineral will yield. Natural hydraulic limestone may be partially known 
by application to the tongue, or by the smell when wetted, when the presence 
of clay will be detected. Natural limestones often contain earthy or metallic 
oxides, which by calcination combine with the lime. Whence result modifica¬ 
tions in its properties. Thus it is known that lime will remain a fat lime so 
long as the foreign substances do not form a tenth of its weight; but beyond 
that it becomes meagre, that is to say, it swells much less on slaking ; and, if 
amongst these foreign bodies, silex should predominate, the paste, with or 
without sand, will acquire the property of hardening in water. Having estab¬ 
lished these facts, the best test of its qualities is to" take small fragments of 
about 1“' or 1^' cube and put them into a baked earthen vessel pierced with 
holes exposing them to the heat of a common wood fire, in a stone or lime 
* kiln with wood fucl properly calc&ied. The calcination will .prolwbly take 

from 15 to 20 hours, and in order to make sure of its proper calcination, sdb- 
ject a smidl portion to trial by slaking* it and adding dilute tnuriatic acid, 
if burned enoilgh, it should dissolve without effervescing. It i^ould then 
be carefully slaked by immersion for a few seconds in a linen b&g or 

* Equal parts of acid and water. * 


L 
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basket in pure water* and lafeaded into a stiff clayey consistency, by means of 
a pestle and mortar of either stone or iron. Some hydraulic* cements will not 
slake till pounded previously to an impalpable powder, so that if the mineral 
be proved to be calcareous, and it slakes but imper^tly, it must be so treated. 
Thus prepared, it must be left to complete the development of all its parts, 
which will be known by its becoming quite cool, and this will take probably 
two, three or more hours. It must then bo formed again to a stiff paste, adding 
a httle water if required, and finally placed in a vessel similar to a China 
mustard pot, having as mrfch width as depth, filling it about frds, then im¬ 
merse it in water, noting the time of immersion. The quality of the lime will 
be inferred from the promptness of Induration. Or the experiment may be 
made as recommended by General Pasley, by reducing the specimen to powder 
when burnt, •len take 2 oz. of the powder and f oz. of water, mix with a knife, 
then knead it with the hand into a ball, which will take about 20 minutes. It 
will become warm, an^ if a goodr water cement, will harden as it heats, or if put 
into a basin will continue to harden. It should not be put into water till it 
has began to cool after attaining its greatest heat. 

68. Common lime will retain the same consistency for years after immer¬ 
sion. Hydraulic Times set after six or ei^ht days, continue to harden, and va six 
months will, be like soft stone, water will then not act on it. Eminently 
hydraulic limes will sot from the second to fourth day after immersion, and in 
one month are very hard.f 

Magnesian limestones which make not good water cements^ mi^ some¬ 
times bo mistaken for fine-grained sandstone, but on close insp^on small 
rhomboid chrystals will*be found, which are compounds of carb. lime and carb. 
magnesia. Thpse stones will not readily effervesce in cold muriatic acid, but 

« 

* Voriotii pb« 9 omenft are exhibited bjr the immerrf6&. * It either hiiset, deerejutateR, fwells, givet out * 
vapours, and falls to powder instantly, sor rqnams InaetiTe fin* five minutes, and then shows the above 
symptoms, or it may exhibit no iteration for a quarter of an hour, b^ins to smoke and erack without 
decrepitation, end sometimes ^e {dienomena will not emnmenoe for an hour or many hours after immersion, 
f Scientific treatise OB Buartan and jeements, by M. Tieat. • ' 

X A fine quality, of magawian limaitone wu determined by the Commissioners for re-building the 
Houses of Parliament to be die veiy best for the purpose, being sn^ its particles remaining 

undisturbed after trial by immersion in water, whereat other stones after *|i|nilar trial gave more or less 
sediment. • * 
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rapidly in Mt acid; and after exposure to a red oalcining heat for 'some hours, 
will not readily combine with water. 

Naturally hydraulic limes are those included in the fourth class before 
mentioned, after calcinatuBjdall into a powder of a buff-colored tinge, as they 
contain a large proportioMl clay. 

69. Thus the fittest material for hydraulic purposes neither depends on4:lic 
hardness of the stone, the thickness of the stratum, the bed in which it is found, 
nor its containing some clay, but in the color of the powder after calcination 
and its containing much clay. Alumina alone has no power to render lime 
hydraulic, but silica is an essential ingredient in hydraulic* limes. The oxides 
of iron and manghnese have no influence on the^hydraulic properties; hence 
the most part of the calcareous minerals used for such purposes, are compounds 
of carbonic lime and clay in various combinations, and the quality depends on 
the relative proportion of these two substances. The above tests alone can 
determine the quality lime fiirni^ed by any minerals. Limestone with *06 
of clay produces a senSbly or slightly hydraulic lime. 

Limestone mth *15 to *^0 hydraulic lime. 

Ditto- '25 to HO Eminently hydraulic lime (“ Vicat.”) 
>70. Careful analysis and experiments of late years hav€ settled the ques¬ 
tion that the presence of Argile (clay)' in the stone is the cause of its possessing 
important quality of indurating under water, but whatever may be the 
soBl^ing principle, an artificial hydraulic lime may be made equal to any 
natuiat^so, by mixing with common lime slaked, any mineral substance of 
which the predominant constituent (vide Art. cements ante) and cal¬ 

cining the nitture, or by exposing the foreign, substance to a suitable degree 
of heat, redumng it to powder and mixing with the slaked lime. A common 
method is by taking 80 parts of unslaked lime, at^d 140 of uncalcincd mineral,* 
but if the carbonate of lime should be at all mixed naturally -^^th clay, then 
15 parts of clay wifi be sufficient. It is pr(g>er however to detehnine the pro¬ 
portions for different localities, as some prepared cefiients contain varying parts 
of the two substances; a quick setting cement es^rted to India called “ Farker’s 
patent cement” contains 45 per cent, of clay to fi5 of cerboplc lime, and so 

-I • . • 

* IftbeliiQoif BliKk«dtiwpropcrUdoiifcMldbell(^parti (“Psile/.'') ’ 
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different may be the chemical properties of apparently similar matelAkls, that the 
result however successful in one place shoxild scarcely be trusted without due in¬ 
vestigation in another. The above facts may however serve as a guide, for the 
mixture of the ingredients. Particular care shoul^jka paid to amalgamate the 
materials well, and to the degree of calcination benHted to the compound. 

CEMENTS. 

71. Cements are of two kinds, natural and artificial, either of which may 
be combined with common or slightly* hydraulic limes in the formation of good 
water cements, or may be used by themseives either as binding matter, or for 
plaster work. 

The natural cements are non-calcareous substances, of these the puzzolutm 
or volcanic ashes, extends largely into the excellent cements of former times, 
tarras also, a blueish lava found.on the Khine, and UBed||||n the water buildings 
of HoUatd. In England a species of basait, whose composition is similar to 
the tarras, is used for the same kind of work mixed with lime. The elements 
of these productions are nearly as follows in 100 parts: 

Silica, ••• to GO parts. * 

Alumina . 20 to 18 „ 

Iron, . 20 to 15 „ 

Lime,... a*. ... ... •*. 5 to G ,, 

Monsr. Sganzin gives the following Analysis of Tarras and Puzzolana. 


» o 

Tams. 

Fussolana. 

< 

©•570 

0-446 

< 

Alumina,.. 

L 0-160 

o-iso 

... ••• ••• *** ... ... 

0-026 

0087 

Magnena, ... ... U. 

0-010 

0-049 

Oxide Iron,. 

0060 

0-120 

Soda, ... •«* .. 

(W)10 

0^)40 

llVater, •>. ... ... •*. •.« ... 

0096 

0-092 



- » - ' 


( •* Sgasfm ooan deaoaftmetioii.* 
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The olbject to be aimed at in mantifacturiiig cements is to* replace tlie 
above volcanic productions by an artificial substance os nearly equal in quality, 
and at as small an expense as possible to form a good hydraulic mortar. 

72. The clays appear to lend themselves with much facility in the trans¬ 
formation;* common potfjfc’s clay, in the composition of which the alumina is 
about Jrd the silex, with of lime, furnishes an excellent artificial pu 2 ;fo- 

lana- when properly calcined, which should be to a cherry-red color. When the 
clay contains more than ^V^h carbonate of lime, it will form a better cement 
by only slight calcination, when none, it will beai; an active heat.f Direct 
experiment should be resorted to in or^er to prove tho degree of calcination 
to which each kind of clay should b^ exposed, for this purpose three samples of 
it should be submitted to such a temperature as will convert one into a pale-brick 
color, a second to a cherry-red, and the third into a hard-brick without vitrify¬ 
ing it. If a current of air be passed over the clay whilst calcining, it will be 
found that the mortnr made of such will hardeii much sooner and be stronger. 
A mortar composed of equal parts of lime, sand, and the cement should then be 
prepared, and the three specimens placed under water, when the quickness of indu¬ 
ration will prove the quality. A comparative value of cements may be ascer¬ 
tained by observing which will harden with most sand. The best manner of 
ascertaining whether a lime is hydraulic, is the following : take quicklime as it 
comes properly calcined from the kiln ; reduce it with water to a thick paste, 
and place enough of it on the bottom of a. tumbler to fill it for one-third or 
one-half of its height; three or four hours after fill the tumbler with water and 
leave it at rest; after two or three days touch the lime lightly with the finger, 
to ascertain whether it begins to harden : if it be very, hydraulic, it will have 
taken after eight or ten days, such a consistence, that no impression can be 
made on the lime by pressing strongly with the finger. We should assure our¬ 
selves whether there has been, in fact> no impression, by throwing off the water 
and washing the surface of the lime, which will Jbe covered witfi-a thin la) 4 er 
of lime softened by the immediate contact of the water. If the above result be 
obtained only ,at the end of twentj, thirty or forty days, the lime should be 


* Vic4t menUqps^besvles the paaoiDutes and some 8peci<»of schiits. 
t Gencnl TreuBMit on calodreoqs mioenls. 

M 
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regarded as bnly feebly hydraulic, add if there be no consistence in the lime after 
the lapse of about forty days, it cannot be regarded as at all hydraulic.* 

The full power of a cement can only be known by joining half a dozen 
bricks together and projecting them perpendicularly from a wall supporting 
them till dry. At intervals of a few days add anotHfer brick till 20 project. It 
is a poor cement that will not bear that number in u fortnight.f 

73. Pulverized tiles or bricks, if the clt^ of which they are composed is as 
above, and free from sand, will answer the purpose, but as these materials are 
often indiscriminately used^ the clay being impoverished by sand, or merely a 
stiff earth having been used in the manufacture, it is impossible that good hy¬ 
draulic mortar or cement can result. Such is generally the practice in the De¬ 
partment of Public Works', and the pulverized brick, or “ soorkce” as it is 
tenned, is not often fit for the purpose, and the mortar being used too without 
sand, the color is tinged red or yellow, according to that of'the bricks. These 
remarks however show the necessity of attention being paid to the quality of the 
soorkec, and as the brick kilns when unloaded present broken portions of vari¬ 
ous degrees of hardness, that kind can be selected which is most applicable to 
the mortar intended to be made. If the clay from its admixture with sand is 
not fit for cement^ some bricks might be made of pure clay and burnt in the 
same kiln with those made for masonry purposes, and made into soorkee when 
the kilns arp opened, “ Mortars made from limes mixed with ordinary brick- 
clay and subjected to experiments! sustained only 44 lbs. before breaking after 
“ 28 days’ induration xmder water ; whereas mortars made from hydraulic limes 
“ composed of purer clays carefully sought for, bore from 110 to 190 lbs. after 
‘‘ induration from 16 to, 20 days,” suchare the facts recorded, by Col. Totten, of 
the American Engineers, at page 37 of his work on mortars, ho. also states at 
page 66, that limes mixed with good brick-dust, but slightly burnt and allowed 
“ to indurate for 11 days bore 330 lbs., wheieas the same limes mixed with the, 
same kind et dust from brinks more highly burnt, bore Ohly 180 lbs., and that 
results in the same proportion were obtained from the dust of tiles slightly 


“ and well bunit.” 


This shows how important it is not to use soorkee or brlck- 


* TreasMrt os UorUn, p* 16 . 
i* General rule/ os Ccaaenta., 
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dust at hazard, and that no so-styled hyd|^ilic mortars should be used without 
subjecting the ingredient as well as the composition to careful experiment.* 

By means of a very simple chemical process, it may be ascertained before 
hand whether bricks but little or highly bunied, should be taken. Take a little 
of the crude clay, or a little of the brick-dust, put it in a glass and pour over it 
a little diluted nitric or muriatic acid, or even strong vinegar ; should there be 
no effervescence; it is proof that the clay should be highly calcined to give 
good cement. Should there be considerable effervescence, it is because the clay 
contains a notable quantity of carbonate of lime. To determine nearly the 
quantity of lime, a little of the clay, having been dned by a gentle beat, must 
be weighed ; it must then be diffuse^ through a small quantity of water, and 
muriatic acid be poured on little by little, us long as there is any effervescence; 
it should then be filtered or gently decanted, the residue washed in a large 
quantity of water* and again decanted. This residue being then dried by the 
same gentle heat as at first, must be again weighed; if, the weight be less by 
one-tenth than at first, it is a proof that the clay contained that quantity (about) 
of carbonate of lime, which has been dissolved by the acid. In this case bricks 
but lightly burned must be t Jccn; and so much the less burned as the loss of 
the clay, by the acid, shall have been the greater. If the clay lose only four or 
five per cent, of its weight, the bricks which are called “ well-humed bricks,” 
should be preferred. In addition to the chemical trial just ascribed, it will 
always be proper to make the. trial first explained, that being the most 
certain. 

74. The foUo^g is taken from the results of a number of experiments 
carried on by Genem Pasley at Chatham, for the purpose of ascertaining the 
best mode of preparing artificial cement.f Ist. White chalk of the Geolo^ts 
which is pure carbonic lime, is found mixed with flint; the flint is to be separated 
, and the chalk ground to an impalpable powder, 6r to a paste by aid of water. 
The impure chalk from the surface of the ground must not be use^. , 


* Tbe experuDBots were made on qnodranyilar pieoea of mortar moulded S* loxtg and 9* aoantlini'y 
sapported at tbo ends, whilst to tho middle was suspended a collar and scale for the wmghta. 

t The difference between “ Water Cements" and “ Hydraulic Limes," must be here stated, Uid former 
being calcined stone rSduced*to powder ftiixed wiUi raw clay, and thenwe-kilned, and the latter being lime 
and clay separaCely calcined ai^d mined afterwards. - * 
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.2nd. The blue alluvial ^clay o^||akc8 or rivers which must be quite free 
from sand, the brown surface being rejected, and care taken ^ut to allow it to 
get stale by exposure which robs it of its blue color and good properties.* 
Where blue clay cannot be had, fine pit clay may be used. The proportions of 
the ingredients are 100 lbs. pure dry chalk to 137^ lbs. fresh blue clay, being 
equal to 4 parts of chalk to 5*5 of clay by weight, which is nearly equivalent to 
1 cubic foot of chalk paste with 1J of fresh alluvial cla)’', the consistency obtain¬ 
ed by mixing 1 lb. chalk powder with cubic inches of water, so that there 
will be 96 lbs. of dry chalk to every cubic foot of water. If the under strata of 
grey chalk or pit clay be used, other proportions will be necessary and expe¬ 
riment must determine them. 

f 

If limestone is used instead of chalk, 40 lbs. of lime fresh from the kiln us 
quicklime must be added to 100 lbs. of clay.f 

The chalk must be ground (using a little water as it mil not grind in its 
natural state) in any mill fit for the purpose, the one used by General Pasley, 
being andiron vessel in which two iron wheels 4J feet diameter worked, placed 
at unequal distances from the centre, one near the outside and the opposite one 
nearer the pivot, like the soorkee mill, plate 2, figures 3-4. 

After being ground the superfluous water must be drained off, and the 
paste brought to a proper consistency. It must then be mixed with the clay 
by means of two little measures which must be as 1 to 1^. Let the contents of 
these be thrown into a pug-mill, such as is shown in (plate 2, figures 1-2) and 
described in para. 54, which is of larger dimensions however than is here neces¬ 
sary, being for mixing mortar. 

The ingredients of the first mill-full should be paasjlt through twice, and 
then fresh chalk and day paste, gradually added in the above proportions. 

The raw esment must then he made into bolls of 2^ inches diameter and 
allowed to dry so as not to stick together, exposure for 48 hours under cover 

from rain will do. 

• • 
ff 

* The addition of not lew than ^th of the whole compound by measure of pounded charcoal or other 
comboatlble matter, aueb u reain or aaw-duat, will rettm the riitue of the clay, to be added to the raw 
mixture, if it abould have got atale. 

t Let the lime be weighed in portions of 39 lbs. and mixed with snflleient water to make lumps of 
tiaked lime paste, 24 hours after mix each lump with 1 cubic foot df clay, mcorp^tS in the piig-miU, and 
make isto balls 8iii4i|i: to ^ose of chalk compound. * 
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The kilns for burning the cement mJK'be inverted conicalf frifttum-shaped 
lime kilns, in size^rarjing according to circumstances. For escpOximents, such 
a one as shown in (plate 3, figures 1-2) (Pasley’s) made of sheet-iron may be 
Tued, the height of fuel and layers of cement are Shown. The fire is first assist¬ 
ed by a bellows, handle A is to keep the door shut, which is hung on by a hook 
and can be taken off at pleasure. The bottom of the kiln is laid with shavings, 
and then coal and cement balls laid on in alternate layers, three days after light¬ 
ing, the calcined cement may be drawn, and more raw material supplied at top. 

The kiln should be drawn once in 24 hours. , 

The cement must afterwards be ground in a mill. 

• 

SAND. 

75. Sand us^d in making mortar should be sharp, i. e., angular, and quite 
freed from'all earthy matter, retaining nothing J)ut pure Silicious particles. Pit- 
sand is generally superior to river-sand for works of great strengtli on account of 
its being more porous and sharp, the angles of the latter being sometimes worn by 
attrition; river-sand being generally finer may be used for plastering interiors. 

pit-sand should bo cleansed till it leaves no stain on* the fingers when 
rubbed between them. 

With regard to the action of lime on sand, there is no chenucsl combina- 
tif^between the two, the union is mechanical, the lime entering the pores of 
th^and, and, connecting the particles in the same way as those of granular 
stones, are connected by natural cements, sand serves the important puipose of 
causing uniform shrinldng in a mass of brick-work, aud*is conducive to solidity 
and economy from its superior strength. The intimate nuxture of the sand with 
the lime is an important consideration, which should be effected with but a mode- ^ 
•rate quantity of water, the proportiems-of sand however with the different kinds of 
lime form the subject*of*chief considiration, and aabsand is the cheaper*article<of 
the two, there may be a temptation to excess on this side on the part of native 
agents and fliasona, it becomes therefqre a matter of moment that the admixture 
of ingredients be well* looked to by the Engin^ anxious to secure efficient work. 

Monsr. Girai 5 a.de,Caudemberg, Engineer of Roads and Brid^ in France, 
published iii.1827; an a^uat of a certain sand which he caDs •ar4ue,* ifrhich 

N 
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possesied thi property of forming a paste capable of assisting in a great d^ee 
to harden hydraulic mortar under water. It yaried in calco* from reddish* 
broTO to yellowish-red and ochreish-yellow; thus proving, as was also ascer¬ 
tained by analysis, that the sand was mixed with clay in certain proportions, 
and in eight kinds he found that the proportions- of clay varied frcan 10 to 70 
per cent., some were calcareous, but more frequently silicious or mixed. They 
were generally found on hillocks forming the basins of rivers and broeda, and 
rarely in vallies. In the absence of hydraulic lime, Mr. Girard formed concrete 
with a composition of common lime pebbles and ardne, that, a year afterwards 
required the aid of stout piek-axes to break it up. These ai^nes resemble in the 
description, substances in India, particularly in the Gwalior, Malwa, Saugor and 
Bundelkund districts, superimposed on massed of large argillacious tufa, and 
doubtless varieties exist in many other localities, and would be extremely useful 
to combine with common limes. 

f 

MORTAR. 

76. The experience of Smeaton has confirmed what was an ancient 
practice, and which should not be lost sight of, to beat mortaj* for 
a long time with a heavy pestle just before using, not only more tho¬ 
roughly to .‘incorporate the ingredients, but to dispose them more rapidly to 
consolidate. 

The best proportions for the ingredients of mortar can be ascertained only 
by experiment, varying of course with the qualities of t^e limes. Regarding 
the lime as simply a • cement binding the particles of sand or soorkee, (in¬ 
different puzKoUno,) the proper proportions will appear to be those in which 
the Hme is sufficient to fill up the voids between the particles, this quantity 
may be ascertained by filling a measure, firA; with sand or sooikoe and then 
pouring in as'much water as will ^11 up infStstices, by vriiich means the bulk of 
lime will be known. The quantity of water should be measured previously to 
ascertain what proportion is expended. Prom a numbe:^ of efiqperiiuenta the 
proportions wit^i common lime, appear to be from 2 to parts of sand to 1 
of lime by measure, with sufficient water to &rm a ductile paste; Ibr a superior 
mortw 1 part'of Hme, to 2 of sand, and ^ to l of ai^cial puzzolana or pure 
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calcined clay, before treated of.* Mortar^^ bydfaulic purpoaes is stated by 
Smeaton to be beat ivben equal parts of liibe, sand, and puz 2 olana,f are used^ 
Mr. Vioat is of the same opinion a^ regards the slightly hydraulic and hydrau¬ 
lic limes4 

Powdered forge scales, such as fall from the anvil at a smithes £>tge form 
an admii^ble ingredient in hydraulic mortars, and may f>e used in lieu of, tmd 
in the same proportion as the jmzzolanar with hydraulic limes. No architects 
or engineers of the present day entirdy dispense with sand, using it nearly in 
the proportion above-mentioned, but puzzolana should not be added in excess 
when4fae ingredients of mortar are lime and sand only, so that whatever pro¬ 
portion of sand islmown to make good mortar with common lime, the quantity 
of puzzolana to render it fit for hydraulic purposes must be deducted from the 
said proportion of sand. It should be borne in mind that the best mortars for 
withstanding the '^cissitudes of the weather, and of acquiring great hardness, 
are those composed of pure quartzose or granitic sands and of the hydraulic or 
powerfully hydraulic limes. It is obtain that the poorer limes (such as dissolve 
in water to the last grain and whose volume is doubled by slaking,) and thmr 
admixtures ought for ever to be prohibited from -works of any importance.^ 
In India, chalk is not to be procured in abundance, and th^it would be neces- 
saxy to miy fht lime with day, and to^ve a second burning for the mixtures, 
wiich will cause ^barrasameut^ and an augmentation of expense; in such cases, 
th^e will generally be economy in making hydraulic mortar at once of fat lixpe, 
sand, and artificial puzzolana, and besides, the relation of the resistance of these 
two kinds of moitar, is no unimportant ocmsideration. If we compare the 
results obtained frmn experience, we shall see that the rqortars made of aafid and 
* ' ■ • 

* Geaml Pulej remArki that ibe parto ibottld be b^' ttrieken meuuft for the send, and that Uie Ume 
be ineaiarad ia himpa ae it eoBftM from ^ kill without dakSag w breakdaig. Smeatoa msMured hi* iagre- 
dienta diy, the Uum being iS powder, Uuown into the meanure not nraiaed down, but *t^pkett« 

t A* the word " oemeot" is api^ied to a separate oompoti^ of lime and olaj in this treatise, aa w^ as 
to puzsolana natoral and artiSdij, the term ** pukcolana" (baldaod olaj or sooricee) will be used for the 
ftttnre In '*^ **»* fer APfoeiiii^on or aaproTemeat of Ume far hydrarflo ptuyoi^. 

X When expeSis is no btoeoti tlw result of foneaton's azpeneace on the ** Sddjstoaa*' inap be tsstuned 
as the best for hpdrat|lie iMrtar, eis., that the Ume asd ptausoUna alone in eqoi^ qaaatxtleii nude the 
■tr<mgest, it is howerel eloiy In h a rd en i ng. 

f ** M. VUat tiuetise oa nbrtaki mid oei&aitf.'' 
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hydraulic lime, whether natuj;al or artificial, afford an average reeiatahee hardly 
amounting tp 220lbs., while it is 3521b8., for the mortars made of fi»t Ume, sand 
and both natural and artificial trass. To compare the expense justly therefore, 
it would be necessary to lessen the proportion of trass, substituting sand, until 
wemrrived at an equal remstanoe; where there are good natural hydraulic Hmes, 
they should be used in preference to fat lime, which requires always to be 
mixed with natural or artificial trass, for. constru^ons In water or in damp 
places. When, however, works demanding great care, are to be. made, it will 
be proper to add to the mo^r a little natural or artificial trass. The propor¬ 
tion to be added depends on the quality of the hydraulic lime and of theitrass, 
if both are of good quality, and if it be knoyn, for example, that the lime will 
bear two and a half parts of sand, and half*a part of fictitious trass. This 
small quantity of trass will not much augment the expense, and will always 
correct the bad effects resulting from portions (}f .the lime barfing been too much 
burned, or imputed by exposure to the air, - - . 

I 77. « The bad qualities of the ordinary limes may be in some degree 
corrected by the addition of a small quantity of coarsest sugar (goor) : this 
is not an uncommon practice in India. Its aid is chiefly confined to the 
hardening the outer surface of the last coat of plaster, which is effected by 
I employing a strong solution, and rubbing well with wooden floats for a long 
time. There need not be more than about a pound weight to every 10 gallOBS 
in mixing the stucco. Artificial cements, such as are desciibed as manufac¬ 
tured by General Pasley, (para. 73,) appear to be strtmgest when used pure, 
whether as mortar or stucco, but as few situations will warrant sucli expense, 
sand may be used without much deterioration of the adhesive qn&Bties. Expe¬ 
riment here also being the best guide. Mortars, whether oompoi^ of lime and 
sand, or lime aifi soorkec, often exhibit a mottled appearanoe on first diying, 
which proceeds partly from th& injurioha efeats of alternate moUtura and dry- . 
ness. The phenomenon consists of a distmot exhibition of the courses of 
masonry through the plaster, indicting at one time an excess of humidity in 
the spaces, and at another time in the joints. Eariy decay in fdaster of a ehnilor 
kind, especially near the base of a buildiiig^ may often ol&served. 

78. The effect gf dry spaces and moist join^ proceeds, the spongy 
natura of the bricks, which^uidesBweU saturated^ b^re.usiiig, and 
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the time, cause the plaster to . part more speedily with itsmioisture in 
those parts OTer^them. After the same plaster has dried, if the sitoatlou 
be damp, the .appearance will bo reversed, if the bricks are ill-burnt; in 
this case they suck up more moisture from the earth than the plaster, 'and 
exbalmg it during hot weather exhibit ^amp spaces, the joints remaining 
dry. Plaster, covering walls of brick cemented with clay, will always exhi¬ 
bit dry spaces and wet joints for a long time after rain, as the cementing 
matter will imbibe the moisture more rapidly than the bricks, such works 
60 plastered are subject to early decay, and independent of the ruin of the 
plaster and expense attendant thereon, the unsightly appearmice should be a 
stimulus to the p];^venrion of the evil, by the proper preparation of both bricks 
and mortar. 

79. It may be as well to treat here of tlie proper mode of plastering a 
brick surface, as Ibe subject is so intimately connected with the ingredients 
employed; for this purpose the sand should be more particularly deausod from 
all impurities* 

The w^ should previously be well wetted, and dry joints scraped out, the 
first coat is then laid on, consisting of about one part of lime, two of sand and a 
proportion of bullock’s long hair, or cotton refuse, freed &om^ all greasy matter 
or riiliue particles, laid on about fth of an inch thick and allowed to dry 
nearly before the second is Imd on. The first coat is scratched diagonally all 
over and crossed, these scratchings should be deq>, and with rough edges, in a 
kind of dove-tail shape, to form a key for the second coat to adhere to, this is of 
the same component parts as the first, only with much less hair or cotton, bud 
on with a floating trowel and of the same thickness as the first, brought to a 
level surface with rules or straight edges. The third coat is laid on most care¬ 
fully and composed of the finest lime, the proportion of lime and sand (withoift 
hfur) being such as will form a pu^ty when Well macerated, this will vaty from 
* 1 of lime to 2 and H of ibe finest and whitest ^d, to equal'parts of each. 
The lime slaked by immersion, (see mode of *slaking, para. 87,) and the putty 
protected from the air till wanted. A stucco, such as is below mentioned, may 
be used for very find work as a third* coat. Particular care should be taken to 
have all the ingredients beaten together and mixed in the ifiaimer defwribcd 
for making moitar. ' ■ 
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Good water cement mixed with coarse sand is far more suitablo for stucco 
than even the best limes.* 

Cement stucco should always be completed in one coat, as the first will set 
too rapidly for a second to be laid on so as to adhere. A very excellent stucco 
may be made similar to that used i^ England, by a mixture of 14 lbs. of the 
best stone lime, 56 of coarse, and 42 of fine sand (both washed) and 14 lbs. of 
calcined bones reduced to ashes. For a fine texture the coarse sand is to be 
omitted, and 98 lbs. of fine sand used, with 15 of lime and 14 of bone ashes. 

The lime should be slahcd by immerdon, i. e. the quicklime plunged into 
water for a few seconds, and withdrawn before it commences to slake; it hisses, 
splits with nmse and falls to powder, and may be kept for some time. 

80. For the protection of stuccoes and. plasters from the effects of the 
weather, in buildings of importance, the following compositions are useful, laid 
on with a brush, the surfaces being perfectly dry before the«application; three 
parts of oil heated with ^th part of its weight of litharge (moorda sung) and 
one part .of wax; or one part of linseed oil, with weight of litharge 

and from two to three parts resin. A single coat is sufficient.^ Premature- 
decay often takes place in plasters and stuccoes, against which, an exposure of 
the causes may l^ad to a precaution. The primary cause is the presence of 
earth and decayed vegetable matter in the sand used, to this may be added* im¬ 
purities of argillaceous matter in the lime, and an improper nuxture and pro¬ 
portion of lime and sand. ' Moisture is the exciting cause, but failure would not 
1)6 so frequently exhibited, if the corona of cornices and copings were not impro* 
perly made with horizontal under surfaces, which do not permit the rain water 


I 

* The ce1chr&te<I iladru cliunam is a stucco laid on in three ooats, the Ont, % cbtnmon mixture of 
shell lime and sand, tempered with ** jaggerj water" (su^ aolution) and abont f inch thick. The second 
of sinod lime and dno white sand also sifted, this coataa well u the third, is allied without jag^^ water, 
only on account of color. The last coat is prepared Of &ae fhan only the purest and whitest shells, * 
ondioono l)ut*sand*of the whitest kind, and of that but a proportion of about Tie ingredients of the 
thwl coat are ground with a aileron a granite bed to a piste of the eonsistcRH^ of cream. To erctiy bushel 
of this paste is mixed, the whitai of tenor a dozen qegs, half a pojuid of ghee, .W; quart of fresh ensds, and 
atjuarterofapound of (sm^stone) ** bailing." Theiast ooat is laid fim UKceedingly thin a^ before 
tim second Is dry; it ^es quickly and is rubbed afterwards with a p!^ ^ soap-stone or agate to produce 
a ptdbh, an operation, wUch is ctmttltnad fyt some hdurs, after it b neoessary |o wipe^iC with a doth 
ftw ti«w Jo (unoi the oxndaUon whid contmaea ftr « ^ or tivg aifler OQB^Uon. 
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to drop dear of the wall. Heat will thua the vegetaU've impurities 

into action, and a ^^reen deposit is the conaeqaence« 

A aweating of plaster work may often be observed, this is an efflorescence 
of substances which do not enter into combination with lime, such as grehse^ 
which should be avoided; aluminous matter is suffleient in the preparation of 
particular stuccoes without the addition of ghee, &c., though bullock’s blood 
has been used with good effect in compositions of the kind. 

With reference to the properties of cer^ent as before stated, efihetivo and 
pleasing cornices and moulding may, under some droumstances, bo formed 
of naked brick, which set in cement with judicious management, would add to 
the appearance as jrell as the durability of brick-work without the aid of the 
plasterer. 

81. From what has been already said, the good qualities of mortar depend 
on the kind of limo, the hardness,* rou^^eas, and porosity of the sand, and the 
care in mixing the ingredients properly and sufficiently.. The proper prepara¬ 
tion of mortar for any purpose, consists in— 

Ist —The selection of the material. 

^ndiy .—The modes of calcining, being the form of kiln, degree of heat 
to be applied, and nature of fuel 

3r(%.-^The slaking and proper mixing of ingredients. 

Mention has already been made of the means of selecting the calcareous 
substance, and of their classification for common or hydraulic purposes. We 
will therefore proceed to the second article. 

82. Calcining .—The limestone should be reduced as small as is consis¬ 
tent with due economy, the hardest kind to about 3^ diameter and the 
softer in proportion- 

Where practicable, it is advantageous to construct the kilns as near the 
place whence the raw material is dpg as possible, tis it bums better when retain¬ 
ing its natural moistare, otherwise its caldnation will be much approved espe- 
ci^y in 6xy hot weather, by sprinkling it wffll with water before loading uie 
kiln, and by the addition of water firom time to time on the faggots at the eye 
of the Inin. It may be tu well also to mention that it is advantageous to use 
I jme as ackon aftm: it is burnt as possible. Pure limcstcmes *(co&lai]ung no 
olay) may be >o a w^te heat witimut inconvenience. Ifydraulic or 
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cott^ound limeatone reqnir^ certain precautions, and should not be carried 
beyond a red heat, it will, if OYerbumt, present a heavy dark colcnr, slakes vrith 
difficulty, or not at all. . 

* It is very easy to judge if the stone be prqperly calcined, by taking from 
the centre of each of a few samples a piece as big as a pea, drop each separately 
into weak muriatic acid, and if no effervescence takes place, the burning is com¬ 
plete. Various are the forms of kilns, as the minerals themselvesj those only 
that bear the concurring testimony of the most e^erienced practitioners, are 
auch as shall be treated of and may be considered standard examples. First 

however let the young Engineer be warned against 
‘ egg-shaped Section shown in the margin, as 
'owing to the sudden contraction of the mouth, the 
'0M flame rises with force by the circumference whilst 

inner portion renuuns badly Jjumt. The capa- 
city as well as the form of a kiln contributes to the 
MvW/ proper calcination of the material. (Figures 3, 4, 
plate 3,) are those which have furnished the best 
results. No. 3 being that wherein wood and such like 
^ consumed, and No. 4, where coal is specially 
used. Coal, charcoal and oplah, &c., in .alternate layers ft hereafter explained, 
may also be-used in No. 3, but wood never in No. 4. The interior of a kiln 
should be constructed of the hardest bricks, or other material unalterable by 
heat, and cemented through a thickness of 12 inches, with a mixture of sand 
mixed with refractory day. The dimensions are given in the plates, . 

83. The kiln shewn at plate 3, (figures .6, 7, B,) called a fiare or dome 
kiln, is used by the most extensive lime-burners in Dorking, and is rimilar to all 
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those used in the vicinity of London, only they are some times placed in pairs 
or three or four together; this arrangement, exporing a less surface of wall 
to the cold slightly diminishes the expkiditure of fuel) but it is probably 
adopted mxae with a view of saving labour than fad, W the fire-man has all the 
fires under Ms immediate conUol. The interior of. the kiln is of a drcular, 
bottle-shape, the diameter at the bottom being 10 feet Gindfe^ the wall is carried 
up plumb to a height of 7 at’^Mc^ point the dome is commenced wMck 
dose^in the Hbj lmting only an .opefiing . it the ^ ^ feet 8* indies diameter 
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and 2 feet a ehinmey, the total height froQi the hearth to the top of the 

chimne^r being 19tieet 6 inches. The thickness of the brick-work to a height 
of 11 feet, ia 14 inches, which is the level of the top of a surrounding wall of 
rublde work; from this height to the top the thickness is 9 inohes,;including the 
lining of fire-brick. The surrounding wall of rubble is of a horse-shoe form; 
the circular part 20 ihet diameter, and the depth from front to back 19 feet, it 
is about 18 inches thick, batters about 6 inches, and' the space between it and 
the brick-work of the kiln is filled in with rubbish. At the back of the kiln 
and 3 feet 6 inches above the grate bars, a doorwj-y is made 6 feet 6 inches 
high, and 4 feet 8 inches wide, arched over with a single brick-arch, through 
which the kiln is filled. On the opposite side to this opening are two furnace 
doors, the grates 1 feet 6 inches ^de, extending Uf the back of the kiln. The 
furnace mouths are funnel-shaped, and are 3 feet 6 inches high above the grates 
in the inside, this* construction making it convenient for turning the rough 
arches of the limestone when filling the kiln. ^ shed isr built on tlus side to 
protect the workmen and the fuel from the weather. In charging 4he kiln, 
brushwood is laid over the grates, with a stratum of coals upon it, to form the 
fire. Large liimps of limestone are then brought in at the doorway, and a 
rough arch about 3 ^t high and 2 feet wide, so firmly built over each grate, 
that the superincumf^t weight of stone may not-crush them; the lumps are 
generally’trimmed to shape that they may bed properly, upon thes^ arches the 
general mass of stone to be burnt is then thrown, 'care being taken to keep the 
largest lumps at the bottom, and where the greatest heat will be, and gradually 
to diminish the size towards the top where the smallest pieces are placed. The 
top of riie charge is about on a level with the surrounding rubble wall. Some 
care is taken to leave the intersrioes between the lumps of stone os largd^s pos¬ 
sible, by placing the angles in contact: the olgect^f this is io fadlitate the 
calcination of the large lumps, folr^.lhe noaller pieces were mixed with the 
larger they would be'overbumt before the lat^ were nearly calcined; therew is 
a greater dran^t also when the spaces betw^ ;^e stones are greater, and this 
likewise aarists^to bum the large laxi:\ps as gulokly as the small. When compact 
limestone is to be bumt^ it should be broken Into pieces not exceeding a fist in 
size. Chalk InmlA m{iy be much larger. If the stones are brokm into too 
small piecef, the spaces ^tv^een them ^ not £pve fi^e enoi;^ •passage the 
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_d^ame. The stoiie thrown into the kiln should not too dry, its 

state as just takea from the quarry is the best ; if it has lost much of its ziatural 
moisture from lying by, water should be sprinkled over it with a rose. The 
reason of moisture being useful is, that the vapour from it frcilitates the disen¬ 
gagement of the carbonic acid gas,.tQr reason of its gr^t affinity for water; the 
stones however must not be wet, only moist. 

In commencing the operation of burning, the fire must be slowly lighted, 
and the heat of the kiln very gradually raised, from 15 to 20 hours being 
suffered to elapse before th^ whole intenrity of the fuel and draught is allowed 
to be felt. To keep the hre down, as little air as possible must be allowed to 
pass through the grate bars; and if there ^ no shutters or dampers to the 
ash-pits, lumps of stone may*be built up before them, to be gradually removed 
as greater draught is required. The effect of raising the heat too suddenly 
would be to destroy the rough arches ■ over the grates, when the mass above 
them would fall and smother the,fire; also the lumps of stone would splinter, 
and the splinters filling the air spaces between them would destroy the draught. 
This attention to the gentle increase of the heat is more especially necessary in 
a new kiln, when the sudden heat would burst the green work; hooping the 
kiln with iron, to prevent this Hnd of danger, is therefore^ be practised. 

84. For burning with wood, in the kiln for tha^urpose (figure 3,) a 
temporary ^dme is first formed of large pieces (slightly-trimmed for the purpose) 
of the material composing the charge,* having interstices to admit the posbage of 
the fiame, that the necessary degree of heat may be carried to the surfaces of all 
the material. The larger pieces of stone are placed near the bottom and centre 
of the kiln, and the others equally distributed according to their size, the small¬ 
est beiiig at the summit. Care should be taken to leave interstices as great as 
possible throughout, by placing the angular parts in contact. The object of 

this arran;;ement has been before cxplake^. ^rA slow fire is first kindled with . 

« 

‘ Should the Mtare of tile materiif not SdAit of it« bearing As prewnre to whieha tingle rault is 
Hubjeoted, two may be formed, by a pier in the middle { and tiiould titii be itenffiolent, the fint dotiiM of 
the intradoe of the Tault may be-emSpotedf^ iiK:oiDba9tilj|b vtOBBi w refiwotory briek, leBTkgtba op^ngt 

at.directed, in wUch cose the arch may bo btiow. ^ For Umeetops koii^, the piece! to form the 
vault, may be about ID " X S ^ X S ^ for harder kind eomewbat leMU Xf the kiln cannot be eonvemently 
l(nidedfromthe tdp,anopeaii^mayl>eiDad«>lntiietid«aibote,tte eeiitre,fantiiat(Sirpoie, whidi must be 
closed hirlhg the bum^. 



shavings under the dony, 'which is gradually increased os the dAiught gains 
force, keeping thedntensity subdued for about 12 hours or perhaps more, accord¬ 
ing to the sizes of the kiln, the fire is fed so as to produce the greatest quantity 
of smoky vapour, that the mass may acquire accession of temperature before the 
full flare is applied. When that is accomplished, adjust the aperture at the eye 
of the kiln and keep it constantly supplied with fuel. The air nocossary for 
combustion can be supplied through an aperture in the door, or in the hearth. 
Where there is no door, after'each addition to the fire, the mouth must be 
partially closed -with clay or bricks to increase the draught. But a small quan¬ 
tity of fuel will be consumed the first day, but nearly five times tho quantity 
on the second, thcr temperature must then be preserved equally, by gradually 
reducing the combustible on the third, fourth and fifth days, when the kiln is 
allowed to cool 24 hours before the lime is drawn.* Practice enly can determine 
the proper time fof calcination which varies with circumstances, the wood being 
niore or less green, the direction of the wind, nature of the limestone, &c. 

In burning with wood it may happen that lumps remain unbumV In such 
case it will bo advisable to keep up the calcination longer, and have a less 
intense heat. The mass -will generally settle to about j^th of tho whole and the 
flame appear of a white color, when the stone is sufficiently burnt; a good test 
has however been beffire me-ntioned. • 

If required to be kept for any length of time, the kiln should bo allowed to 
cool, close shut, top and all, os the lime becomes more compact and less liable 
to slake by exposure to the atmosphere. If to be reserved and transported to 
long distances, it should be put into air-tight casks. In flame kilns, such as 
described for burning with wood, if; of from 17 to 20 feet high, it is very diffi¬ 
cult so to regulate the calcination of the upper parts that the lower stra^^uhall 
not be overbumt, this is not of much consequence with the poorer lines, but 
»involves considerable loss in the case of the fine hydraulic. 

85. KUns0^'burning with Coo/, Charcot, 8hould,*if phu:tloahle, 
be built against a natural bank or rise to ffi^tate access to the upper parts, 
otherwise steps most be formed. ^ shed flboold* likewise be erected dose 
at band for br eaking up the raw matcriai, to keep up a ooujrtant supply in 

* 

• jn V'Qm frnmriic ifi MS ftubki feet tte flit irill last ftoni lOQ toWJauii. * * 
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the kikk, which is not the caa^ with the former ones, a now besides is required 
in coUBtant attendance day and night as long as a ahppiy Is required, as: neglect 
will subject the charge to spcnl and much difficulty will be experienced in 
re-kindling. Argillaceous limestones when burnt wi6i charcoal in contact do 
hot. yield so good a hydraulic lime as when burnt with coal, and coal in its turn 
does not produce sq good a result as the blaze of wood and such like fuel.* Iii 
coal kilns by slow heat, the stone and coal are mixed, and ibis m^hod may be 
coijsidercd as sli^tly precanous, requiring cautious investigation and habit. 
A kiln may work well for ^eks together, and then without apparent cause get 
out of order. A mere change in the intensity of wind, too great inequality in 
the fragments, and such like chances, may occasion irregular movements in the 
descent of the material and itregular calcination will follow. The kiln shown 
in figures 4, 5, is an approved shape for the combustion of coal as fuel. On 
the top of the hollow cylinder are laid wrought iron bars square and 
apart which rest on the stouter ^rs across the openings d d^ and project about 

feet or into the circular opening to enable one or more to be removed 
when the charge is being drawn. The space jTlikewise admits air to the com¬ 
bustible; A the circular space into which the lime falls when drawn, to wliich 
it is directed by a ^ore constructed for that purpose within B, If too much 
draught is caused by both openings d d, either may be chSed and the core filled 
up so as to direct the fall of the charge to the other, as shewn by the dotted 
line. C, C, are entrances to the circular space. A fire of shavings and small 
coal is first lighted on the bars, and when alight, the limestone is laid on it about 
O'' or 1 O' deep, after a little time more coal, and if it bum well, complete the 
charge by alternate layers of coal and stone, generally in the proportion of from 
8" to^l4^»of stone (according to the hardness) to 1* of coal*. The coal should 
be very small, &nd with soft material, naerdy ooeupies ^ interstices between 
the stone. It should be allowed to bum tjUvoalcisati^a takes pUce, which will. 
bc,at the enddf from two to ^ree days (the test is.gi;^en ato first 

time the kiln should be drawn every 24 hQwan^hysup^yipgmorei^^ 
before at the top, ijt may be kept buming.for anir |siig^ of tunen The drawing 

,* Tbifl remark if Oie molt of ez^wipest, whereiB it'vns that (^irootl 'fcjdnnlio 

liras of Ooe-half ft wMild If vift fiStBM hpttfjmrrUg fte oontsot 

of w, ezficiset vralkl irfbeace k HU edriaitioa. • '*'■ , 



is elt^oCed by letnovin^ one o]f more ftAd if4he Hitie wiUBoffiUl hmusi 
be poked-ivift an Iren r6d sligKily booked. As strong guiktrf of ^Hnd afFeet the 
draught and may spoil the regOlai4^ of the bdJmingf it may be necessary to 
erect a clay Kreen or enclosare round the openings, at some little distance. 

86. A temporary Hnd of Idhi termed a ** field kib/’ is sometimes resorted 
to, for works consuming a large quantity of lime in a short time, the construc¬ 
tion is expeditious and economical, but precaHous. Thil lower part is Vault 
about 10 or 12 feet inner diameter, constructed on the ground, with either large 
fragments of the charge or mostly with bricks, leaving Openings fbr the fiame 
to rise through, above this is raised a pile of hmestone about' 15 feet arranged 
as before mentioned, and enclosed by a curtain of rammed earth supported by 
coarse wattling, in which is an entrance to the vault. 

87. Slal^g of lime should be performed as soon after it leaves the kUn as 
possible, as all Hmek, and the hydraulic in particular, are difficult to slake after 
being acted on by the air. The lime should be slaked hf just as much water 
as will reduce the whole to a stiff paste. Too much water is often used and the 
mass is thereby reduced to a fine paste, but its binding qualities are deteriorated 
in consequence. In slaking, the hydrauUo properties of lime will be conspicuous, 
as they scarcely ^ve more than one and a quarter volumd fi)r* One, whereas the 
poor limes brought to a pulp, are often more than doubled in volume. 

For lime of great fineness, such as fim whitewash, a sufficient quantity of 
water should be ready at first, to avoid replenishing at the moment of effisr* 
vesoence. The water should be insensibly appHed round the lumps which VriU 
suck it up spontaneously. 

Slaking by immersion is another method, where the* quick lime is plunged 
into water for a few.aeconds and witiidrawa before it begins to slake, hissea« 
splits, and fiUls to pentder. It may be kept a while in tids ^te if shdter« 
•ed from 'tncMure. Spontaueoos sidling by the action of the atm^here from 
exposure, hau the least eflhee in longing out fhU good qualities 6f Ifioesi aad 

gftiian the otfarSt Ihe ordinary mode is the " 
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Mvn QoOtizig, the sloldng is proper, if a floury lancdee recnApe, the Uxbe U too 

With eminently hydraulic limes, after sLking and sepamtioa of Onhuent 
it trfU be advante^ns to reduce to poiete by Ith^ing lUiAftte lumps, 
nO this may sumetimes develop hidden hydraulic or oument properties. Ko 
move lime should be slaked at once than is required for one or two days’ work. 

The day after slaking the lime is very stiff and to all appearance requiring 
more water to make it into jgaste. Not so however, heavy iwtmners of iron with 
wooden handles, will soon make it flt and thih enough to be mixed with the other 
ingrediente to form mortar. In the hot weather however it may be neoesSary to 
add a little water, but the quantity required Will he but sibaU and should be 
added oarefo!]^. 

* HydrauHc limes would harden if slaked to a paste and allowed to stand any 
time, they should be therefore slaked With merely water enough to reduce them to 
a flue powder, about h or the bulk of the lime wUl be enough if carefully 
poured over.t 

When lime has been slaked to a poWder and mixed with the sand, it should 
be skMeaed^ a skreen for the purpose of about 6x8 foet is the best, formed of 
wiret ^aoed }' apart, and set up at an angle of 46°, ell that passes through is 
fit for use, whilst the remainder will be either stones from the sand, or unslalted 
lumps of lime, and should be reacted. 

88, Mixing the ingredients for mmtar should always be performed under 
cover, and the j^reatest care be bestowed in vorkiag up the mass, as upon this 
difunds the ineoess of the work, and afli ftttmsr Ubosm ,1a lost If tius be not 
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CHAPTER V. 


IRON. 

95. lion is* one of the tnosfr abundant mineiol {ooducta of nature, but 
scarcely ever met mth in the proper met^c state in which it is used. 

Iron when exposed to humid air becomes'rosty, or in chemical langua^, 
attracts oxygen* fbom the atmosphere, an oxide of iron being formed On its 
surfhoe, and iron has so strong an- affinity ibr oxygen, that it is a difficult 
matter to prevent this oxidation from going on. This at once shows why native 
metallic iron is so scarce, and why most of the ores of that metal are oxides. 

The oxides of iron seldom present a metallic appearance, and vary in color 
from bnght>red to reddish yellow, though occaddhally are nearly black, ^is 
metal is so generally dissennnated over the snxffice of the g^obe, that these 
oxides give a tint to the whole soil of a disUcict, rendering it brown, red, 
yellowish. In these oases the quantity of iron is so small as to render its 
obtention for useffil puiposes impossible. Iron mineC are immense colleoticaiB 
of the metallic ore in masses, stratified nearly horizontally,'iM^voften ffiom ^ 
to twelve feet thick. The ffirmations of the ore are ochimk% partkuliirly 
in mountainous countries^ but it is useless wi^out th^^^rommity of a plentiffil 
supply of and also limestone to be> mnd ^ means^ thereby 

the ffi)wi^ of the mptal is pmmot^^when ps^^Mse^ fiknn its CHgigind 
those minsat^mie^^ alone are woriced i<$i^*^^iron dr9j lim^tone, ifid 
either coal or wood, are found iu the sam lb^ti^ lp 
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96. Tfee working of i^on mines, that is, the art of extracting the ore, 
building and working the furnaces for the reduction and purification of the 
metal, the macliinery for its manufacture into bars and rods, are not likely to 
fall within the practice of the Engineer in India,* more particularly as the 
ready prepared material is exported in such abundance and at such moderate 
prices from England, but it is necessary to put him in possession of such infor¬ 
mation as sliall enable him to judge of the qualities of the metal which may ha 
presented to him under different forms, and to Use it to the l^^st advantage, 
both in “pig” and its malleable state.f 

Iron has a strong affinity for almost all the natural combustibles, and 
readily mixes with most other metals, forming alloys tliat essentially alter the 
character of the metal. A combination made’artificially of sulphur and iron at 
:i white heat cannot be dissolved by any means, and the iron is spoiled for all 
useful purposes, as the compound possesses no quality that reilders iron viduable. 
It is often found natur&lly combined with sulphur, fonning a beautiful mineral 
chrystallme Avith bright imitallic lustre, and by the ignorant might he, and has 
been, mistaken for gold. 'J'liis mineral requires to be carefully extracted from 
the iron ore before working, as a little of it will deteriorate a large quantity 
of iron. 

Carlx>n, or the pure material of coal,* unites with iron in the same manner 
as sulphur, tjjough to a less extent and is less injurious; the I'cduction of iron ore 
j'onsists in filling the furnaces with alternate layers of ore, limestones and fuel, 
wliich soon gets iiito a state of ignition by the aid of the i)oworful blast em¬ 
ployed; being thus deprived of its oxygen, and trickl’ng dov/n through the 
igiiittid fuel, it comes intp contact with carbon wliilst both are at a high tempe¬ 
rature, and a union takes place. In this manner all iron is reduced in the first 
instance, the bottom of the furnace being tapjKid, the fluid metal flows out, and 
when cold assiime^s the character of metallic if on, but bi this state it is unfit for 
general us^, being very brittle«and^8o hard that no file will touch it. 


* A probability greater thftn whec this was first pemwd, for no better iro^ exists *on the globe than 
Indian, 't^ants hut British capital and enterprise. 

“f Since the al)ov& wiib writtuu eii4ulrle!( of a valuable nature have been nuuhe relative to the advan¬ 
tages of forking InUiuii iron mines by £Qrot>ean Agenc'y, and t£e author doubts not that good results 
would ensue tlierefibth. 
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The appearance of its fracture is white and t^rystalline, its denominatioTi 
is ‘‘crude iron,” and it ruiiy be run into heavy castings, that require no suhsc- 
<iuent turning, drilling, or any operation of a tool. It is thus evident that the 
fuel used for the reduction of the iron hits a considerable influence on it; most 
kinds of coal contain suljiliiir, which is so prejudicial to iron as to prohibit the 
use of it in smelting flio on- Wood contains nothing that can injure iron, but 
in its ordinar}' state its humidity prevents ranid combustion, and it will not, 
yieUl heat imougli -ll convcrt,cd into charcoal, it is then the best fuel that can 
be used, l. it (‘x.]j(‘usivo account of the rapid'ty of.its burning and the labour 
<*t preparing it. “ S»v<‘dish iron” owes its celebrit*' tor toughness and ductility 
to its manufacture*froii) the eharcoj^l of pine wood; next to charcoal “coke,” 
which is the cinder ol bituminous voal, is the l>est* material for reducing iron 
ore, and is that most commonly used. 

97. Coke is pit-coal, broken into small pieces, ignited with free access of 
air, and permitted to burn till it ceases to give out flame or smoke, and the 
whole mass is become red-V-t. It is then shut up to the total exclusion of air, 
when combustion is suspended, viul in thb state, when cool, is fit for use. It 
is better made in a close oven than in any other way, yet such ovens are tedious 
to build and c.xpeiisivo, so that coke is generally made on the ground. The 
coal is piled up in long heaps, and after being ignited and allowed to bum a 
suflicient tit)ic, earth is dug and thrown upon it till the air is quite shut out, 
the heaps are iheu watered thivaigh the earth, and not opened till quite cold. 

The flibo’ving description of the mode of sjiielting iron by the Indian 
method, is pa ‘ly from obscr\'atiou partly from a little work by A. Aikin, 
>'sq., F.K. S.. F.O.v^. 


98. AM I’ Jian farnaces are on the same general construction, differing 
only iu size a wi J.n tho elative proportions of some of the parts.* I abgP there- 
^ fore describe in detai] •■ufli.cicnt for«my present purpose, those which are used 
in Central India. * Fig.l. 

In the annexed groimd-plnn, (fig. 1,) is a trench three 
feet deep having a sloping entran<^, and A is the furnace, 
the shaded part showing the comparative thickness of the 
walls which are ^odc of large unbumt bricks and lined with ' 
clay. 
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In (figures ^ and 3) aje represented a fix>nt elevation and section of t!ie 
furnace. The first thing that strikes the eye is the 




obliquity of the furnace as seen in (figure 3), which is an essential condition in 
its construction. . C is a large block of sandstone or sonic other hard and 
difficult fusible rock: its surtacc slopes towards the front in order to »Urect 
the melted niiatter to the perforated earthen plate Z), the holes in which are opened 
from time to time ivith an iron bar in order to let out the melted slag or 
hcorisBj E is the tuyere or blast-pipe, composed of two diverging earthen tuljc.^ 
inserted into a mass of dried clay: (figure 2) shows a front view of the part, 
(figure 3) a section, apd (figure 4) a plan of the same; tliis latter likewise 


shows how large a proportion it occupies of the area of the furnace at the place 


where it is inserted. 

(figures 2 and 3) is a wedge of play on which 
t!^ tuykvM rest and by wliich«it& angular position is ad¬ 
justed, while the end of the tuyere rests on a mass of 
cow*dung and (diaff with which the bottom of the fur¬ 
nace is filled previous to smelting. O (figure. 4) are 
plates of burnt clay or thick tiles that fill up th^ space 
in front of tjip funiace pot occupied by the tuy^re% 


Fig. 4. 
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The bellows are made of skin and are two in number, and a pipe projecting 
from the bottom each is united with the blast-pipes of the tuyere. These 
bellows are placed on a plank laid across the trench in front of the furnace, nt 
the further end of which is seated a man, who by working the bellows alter- 
nate^jr one by the right and the other by the left hand, produces a continued 
stream of tnnd. The entire height of the furnace varies from 4 feet 4 inches 
to 8 feet, and its diameter at the widest part from 1 foot, to 3 feet 9 inches. 

99. The fuel is universally charcoal, that from the bamboo being by long 
experience greatly preferred to any other. No Ume^or other flux of any kind 
is employed. It is easy to see why, in the absence of flux, bamboo charcosl 
always gives the best results. 

Bamboo is nothing more than a gigantic grass,* and like the smaller grasses 
and corns of our own country, is covered externally with a hard glossy varnish, 

■ this varnish is sili<^; it likewise, in common with all other land plants, contains 
potash, and as it is very possible by a dexterous application of the blow-pipe t(» 
hum off the combustible matter of a piece of wheat straw and melt the, residual 
silica and fixed alkali into a drop of glass, so probably the same thing would 
occur with a twig of bamboo, this kind of charcoal therefore may be considered 
as furnishing not only fuel but a very active and excellent flux. The minor 
details of the process vary in different .works, but they all agree in charcoal 
only being put into the furnace at first, in order to bring it up to a proper heat, 
and then in the ore and fuel being added alternately to the end of the ojxsra- 
tion, the proportion of fuel to ore being two measures of the former to one of 
the latter in Central Indio, where they smelt a fusible hydrate and obtain an 
excellent steely iron. 

At the end of from 6 to 12 hours, according to the size of the furnace, the 
tuyere is for the most part melted and is no longer serviceable;'this first part 
^ of the process is therefore necessarily finished, and“on breaking down the front 
of the furnace there i*s found a mass of crude iron jeeighing from*24 to lOOlla., 
which is drawn out by strong tongs while still hot and is divided by a hammer 
and chisel into pwo nearly equal blocks. This crude iron is of a greyish-white 
color, is very porous, ‘the cavities being filled with, charcoal and sla^, is some¬ 
times quite brittlq generally maUeahle in a slight degree, and if, during the 
last four hours of the furnace being in activity, no ore, but only, charqpal has 
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been added, ^ found sufficiently malleable for common uses after being merely 
drawn down by the hammer into small bars. This crude metal has never been 
In a state of actual fusion; the Indian furnaces from their small size, from their 
thirincBs which allows a rapid escape of the heat, and from the comparatively 
inefficacious hand bellows made use of, not being capable of receiving or retain¬ 
ing a sufficient intensity of heat to produce this effect. 

The block of crude iron is laid, covered with charcoal, on the ledge of the 
chimney, with one cud projecting a little just above the mouth i>f the tuyere. 
In thin situation the end of the block soon softens and then falls down in a stati' 
of half fusion; a man with an iron bar then draws the remainder of the block 
a little forwards, advancing it from time to time till tlie wholj litis sunk to the 
bottom of the furnace. It ic now dragged out while glowing liot and hammer¬ 
ed on an anvU to sei^aratc most of the scoritc, is then subdivided into two or 
three pieces, heated and again hammered, and this process i*s repeated till the 
iron is quite malleable, 

From the above slight, tliough preliminarily necessary skcjtch of tin! nmn- 
ner of producing iron, it is apparent that it is obtained in a fluid state in the 
first instance, yet it is met with in two distinct forms, “malleable or wrouglit- 
iron” and “ cast-iron,” the characters of which are as distinct as two sejiarate 
metals. 

MALLEABLE OK WROUGHT-IUON. 

100. Malleable or •wrought-iron is manufactured into'■rectangular pjec(^s 
or “ bars,” cylindrical ^pieces or “ rods,” and flat plates or “ sheets,” and if 
good, should be characterized by its toughness, ductility, capability of bending, 
also by its strength, capability of receiving and retaining a high polish, its 
fibrous texture, the facility with which it.rufits, its capability of being welded,^ 
(one of its most valuable properties) which is the firm union of two pieces by 
hammering when at a high heat, and its resistance to fusion by heat; for malle¬ 
able iron may l>e wholly converted into oxide when too highly heated and will 
burn^ hut will not admit of fusion. It is generally admitted that by a judicious 
disposition of nietal in the sectional area of a bar of iron, gi;e%ter strength may 
be obtained ^ given "yeight, than with a larger ailsount of metal injudici- 
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ously disposed, it was thus after mmy experiments, that the T 9 and L 
iron had their ori|;in, the former being exceedingly useful as rafters, girders, 
floor joists, &c.y the for similar purposes where greater strength is requir¬ 
ed, and the L iron as battens, and means of strengthening the angles of boilers, 
tanks, tubular beams, &e., they all possess great strength mth ecomony of metal, 
and are formed in rolling mills like other bars. Their application and utility 
will be treated of in Part II. in the Chapter on “ Iron Roofing.” Hence the 
application of “ wrought-iron” to all purposes, parts of madiines, or framing for 
roofs and bridges as are subject to tension or torsian, whilst on the contrary 
“ cast-iron” is employed where resistance to a crushing force or to compression 
is required. It h&s no ductility but little toughness, and will bend but very 
slightly with<mt%reaking. It is inf^or in actual strength to malleable iron, 
may be made smooth and polished, but will not attain a reflective suHace, has 
a granular Instead'of a fibrous texture, rusts slowly, cannot be united by weld¬ 
ing, fuses and becomes liquid when exposed to a high hekt. 

iron in both cases i? the same, and these differences of fcharacter . 
dep<:nd on the quantities of carbon and oxygen that have combined with the 
metal, at the time 0 .' its reduction. Iron in its malleable state is supposed to 
be pure and free from alloy, but cast-iron is alloyed with carbon and oxygen, 
and tfie proportions of these dements that are present, affect the quality of the 
metal, it is therefore a carburet of iron combined wth oxygen. 

101. The process therefore, of procuring malleable iron, is to refine or 
purify the imperfect carburet of iron that is obtained from the ore by the first 
process of redaction as above described, by taking from it the carbon it had 
imbibed; and this is done by melting the crude or forga-iron a second time in a 
reverberating furnace, or one so constructed, that the iron shall be exposed to a 
free current of air, and shall be subject to all the heat of the fuel, without being 
• in contact with it. ^ soon as th^iron is fused, it is kept coiMtontly stirred 
and moved about by iron rods, so as to cons^tly expose new surfaces to the 
heat and air, which process is called puddling, and by which any carbonaceous 
matter the iron contfined is burnt aqd consumed, and other .portions of iron 
comlnne with the oxygen of the air; in consequence of which changes, the iron 
shortly loses its fluidity and beOomes ropy and tenacious like dough, and the 
workman, judging fraDf *his.experienoe when tbit change has been sulBmently 

u 
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ffronghiy the mitsg o£ iron from the fttmaee; AsiA pUcM it on ii 

mril where it receives ft fetr blows from a vwy heavy forge h&mtner irorked By 
nact^ery, and which forms it into the of a square bar of from two mf 
^hree feet in length. The blows of this hammer not only frffm the bar, bat 
(hey render the mass more dense and compact, and Mve off all the todde of 
iron that was formed during the puddling process; this ffiea off in all direc- 
tfons under the'hammer, forming scintillating sparks of great brilliancy and 
t>eauly. Ihe short bar while yet in a Rowing heat is ^lei^y carried to the 
forming rollers of ^diich %ute 1, plate 4 is a representation, if a square bar 
(ft desired, it is presented into the square opening cf, and is carried forward by 
the revolution of .the two cast-iron rollers b and c. If a smaltoharis required, 
the hot piece is returned baci: again through the next opening^e^Hd afterwards 
through ^ and so on, until it is reduced to the required size. If a round rod 
cff iron is required, then the piece is in like manner presehted to and passed 
through the round openings g A,* &c., and thus the hot bar which was originally 
only 30 inches in length, is extended to 10 or 12 feet, or even more, and is 
afterwards cut by the shears to the required lengtl. uf the bar. All bars of 
iron are now formed by passing them between rollers of this kind, and of course 
iron mills must possess a number of such rollers suited to the sizes and fonns 
of the iron to be {uoduced, because, by allering the indentations in the rollers, 
bar iron of any form xnay be produced. 

To compensate for the imperfect operation of the rcdlers, every bar that 
passes through tiiem should be reduced to a small size, and be thm cut and 
doubled, a welding beat should then be applied to the two bars, When they are 
again to be passed through the rollers to be conadtidated into a ringle bar, and 


reduced to the required size. When two mr more bars at^ heated, placed toge¬ 
ther, and welded into a single ])ar by the actitmof'iplfors orihatlftwers, tiie process 
is called foggotting," and the^strengtii of iSm k 
« When wTQught-iron is really good, it ot^hA to bear-femdiitg even in a 
state, without brealdng^ ar^ the fracture ^en ibrql^ 
edly fibrous or brittle^ wii^ 


and the fracture is lustteba aitd grahuhov 
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al'^U ironir all old iron saved; It is veiy^muck approvedVor purpose 
wkere g3^i sadb as ntits, of links of <diain bars, or 

eyes of sU ibdSj Ontjected to tension originally in smaU pieces, 

ia-paoit^d 11 ^ 0 ^ ^rougMy incorporated by eitfaer rollers, tilt, 

or forgfe fa s mmer a^ and flrns the fibres, b^g interiaeed, the iron produced is 
more tottgh strong than any other kind. ^ 

10S. ;‘*:1'(^ught-iron work is carried on by two distinct sets of workmen, 
the blaricsmith or forgeman, and the whitesmith or fileman; there used to be 
in all large and in many small establishments a* third workman called the 
bellowsman, who is also a forgemao or hammerman^ when not nrging the 
beUowif but the introduction‘of the fan blast into large wmki^ops the 
third man. ha^)een dispensed witt^ and each forge has two forgmen attached; 
the most expert of the ^ seeing to the due heat being given to the iron, regu> 


latlng the blasts add when the iron is ready, foshioning it with his hammer 
assisted by ^ o&er. The introduction of the fon for giving blast to forges is 
one of the most useful additions that science has given to the blapkMniih’s shop, 
for independent of the power of its range enabling it to supply the blast to 70 
or BO forges, its force can >>c regulated to a nicety by the movement of the 
elliptical aperture ii. the cock attached to the funnti of 6ach*forge, and a wtid- 
ing heat ta morc rapidly and ccrt^ly * attained than by thci^ere aid of the 
bellows, which, if carelessly worked, was* and is often the cause of *folse welda^ 
inferioi^&ggotting, dday, and extt^ G.:pensc. F%ure 2, plate 4, shows the 
apparam which consists of four or sometimes five fans attached to arms Set 
at a cQ^n an^e on',their axle^ and enclosed in a drum, the space between the 
edges bf the fans and inimr surface of the drum being «a ^oral tube, through 
tix^end of which prolonged, the Ifiast is driven; a pully is attac]:^ to the aifo 
to^rec^ini^ a;stn^ firom gearii^ connected with u steam 

i. sslith'A anvil has s*M^fox' footing round or curved ^ Work on* 

and it hsli i^i^(i|ti^%ok at^ over that has io*be 

p^hed^iudilhanta^;^^ ^bottom 

' '' *1 Thy'irrf )HT^' rlldatttitfs W iA BAj^lUh ' ai 

htmtam Me.itt'a«iw>a.WjU^af ■'kaamn W th^. U>wr 

'M TatUfc ^,4 ^ difihiUM 
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At on to for if a piece of irem has to be roonded or n^ade Into the 

form of a moulding, the bottom tool U insert hole *!n tiie > ahYil, . 

heated iron laid upon it, and the top tool held bjr itk hiadle placed ordr and 
^3^ck by the sledge hammer, till the necessary fbm is giv^ to the iroh. 

Holes are expeditiously made by punches, which are slightiy tapeHng tools 
of steel of various sizes, with blunt ends, driven through the hd£||^n laid over 
the hole in the anvil for the purpose. ; ^ ' 

105. Maundrells are generally cylindrical tools introdUc^ ihto holes iift^r 

they have been pimched, to*render them true and of a certain size, which is ihe 
more necessaiy when female strews have to be cut in tiiie holes. There are 
besides maundr^ of other forms. • * 

106. One of the most frequent c^eralaons of the hlseks^th is welding 

or joining two pieces of iron together; the frcility with which this is dtme adds 
much to the value of wrought-iron. The heads of bolts are *put oh by forming 
a collar of square iron,'which is fitted to the end of the bolt, they are then both 
brought h> a white heat and welded at a angle process. Small bolte are head¬ 
ed by a rivetting process, the piece of iron being driven into a square hr around 
hole in a block of iron called a ** swage.” The hole should be rhther smaller 
than the hot iron which is driven in by the hamm^, whihh 1^ the compresaioh 
lised, forms a.he^to the ^ece, which is at the same tiihc truly adjusted to the 
swage hole, and is easily withdrawn as it ocmtracts when cool. ^ ^ 

107. The swage block is the feUon tool to the foadndrffi, the foriiter 

giving a determinate rize to the bolt, and the latter to the bole tbrt thi^bolt is 
to fit into, when eraewed or otherwise finiifiied. ' 

108. ** Faggotting^* is the process of welding sSVezy piechs of bm toge- 

ther to one of. more than ordinary strengUl, as &.-ia, safis* to tarust to^sueb a 
faggotted bar tlnua to a singlq one of the saifie sj^ as lai^e 

bars are B^<»p so compact or weU wroU|^ Nuts • 

also for sorew bolts to be sulject^ 

manner, taking iron of tibo proper thiCkn(^^ ai^ 

doubling or trebling It at^a welding hOlt.J ' ■' ''t"' ' 

The only thing fo, be guarded 

foggot, being ah imperiect union, of.due*}^^ 

tion oi in omd^on the suifimes tebefoSSroitediii^j^a'dBfo^ 
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being visible £rom the outside, and is preventcd^by bringing cloan surfaces 
together, and sprinkling them with dry sand when heated; the sand fuses and 
vitrifies, thus protecting the surface of the iron from oxidation by fonning a 
thin coat of glass over it, which is driven off from the joint by the first btows 
of the hammer. 

109. “ Jumping” is another necessary operation that is performed on the 

ends of bars previous to their being welded. It is merely making them red-hot, 
and driving them against the side or top of the anvil, or block of cast-iron fixed 
in the floor, in order to render the ends thicker than^the rest of the bar, because 
in welding, the two ends have to be well hammered together to produce perfect 
union, consequently the joined part of the bar would be less in diameter than 
the rest, if the reduction was not prevented by junking or previously making 
the parts to be joined so much larger that the necessary hammering produces 
a unifbrm dimension throughout. 

110^ The fuel of a blacksmith’s forge is of great importance, for the best 
iron may be spoiled by a bad Are, composed^of coal containing sulphur,, arsenic, 
lead or any other mineral that will combine with iron at a high heat, and thus 
destroy its valuable properties, or render it what is technically called “ rotten.” 
Wood charcoal is the safest fuel to use in respect to the iron, because it contains 
nothing ^lat can iidure it; but it is troublesome in its management and throws 
off so many sporlm as to render it difficult and disagreeable tArork with; inde¬ 
pendent of which its combustion and consequently consumption is very rapid. 

The varieties of pit coal, which are denominated smithy coal” from their 
being sought after for forge purposes are excellent kinds, and exported to this 
country by the Iron Establishments and Mint in Calcutta. It is a small coal 
generally from Northumberland, and nqt useful for domestic purposes. 

111. All work produced by the blacksmith or forgeraari, is said to be 
^forged, and he delivers it in its black unpolished* state, hence his name, and 
tiio perfection of his work ^ to/orge pieces so neqtly, as to bridg them very 
nearly to their intended shape, leaving the fileman little else to do than file 
away or otherwise remove the black ext^nal sur&ce. 

The whitesnrith'or fileman wor)® befqji^ a vice, and his tools are cold 
chisels, saws, files, (generally wofted by machinery), rimers, screw-cutting 
apparatus and a lathe. . ' 
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112 . Screws In all large Katahlishmentfl} are generally cat either in a 
lathe or regular screw-cutting machine, and no iron works should be without 
8 \lch tools for the sake of the rapidity and accuracy with which the screws are 
cut,* but where such is not the case, or where there may be but one such 
machine, they are cut by taps and dies, and small screws by a screw plate. 
The tap is a short circular rod of the best steel, with a square head for turning 
it by means of a spanner or wrench, it is made slightly tapering, and a perfect 
screw or thread is cut on its surface when tlie point and some distance above 
it is hied away until the ta^ becomes square, leaving the screw-threads at the 
four angles. The tap is then tempered and is fit for use. Being conical 
slightly, the small end is introduced into the nut in which the female screw is 
to be cut, and by turning ilf forcibly with tho spanner whilst the nut is held in a 
vice, the required concave thread is obtmned. The dies are two small blocks of 
steel fitted so as to slide close together, or a small distance^asunder, in an iron 
frame, called the stock, which has two long handles. The dies arc brought 
together by a screw passing through one side of the stock. The two sides that 
face each other arc filed out so as to form nearly a circular hole, in the inside 
of which is cut a screw by the tap, so that the impression of one-half of the 
screw is in each block or die, and indentations are filed across the threads to 
produce sharp c^es. The bolt to be cut, is fixed vertically in a vice, and the 
dies are comprefled on it, the forcing screw made to pinch tightly, when the 
stock is turned by the handles, and the screw-thread cut on the bolt. 

The ends of all rods, to be screwed, that are intended to resist a tensile 
force, should be made thicker than the rest of the rod, by a quantity equal to 
twice the depth of the thread; that the sectional area of iron remain unimpaired 
throughout the entire length. 

113. Tlte lathe is of first rate importance to the Engineer and Mechanic, 
and without its aid the perftetion which xn^hinery has reached could never 
have been obtained, for it affords the only means by whiSh the workman can 
render his material perfectly round or flat; whilst the addition of the slide rest, 
in which the cutting tool is held by a firm press worked by fine threaded 
screws, has rendered the opcratiQ^e with Ihe lathe mathematically correct. The 
elide rest should therefore be consideled as an indispensable part of a lathe. 
In India) and especially in smitheries and foundries in the North-Western 
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Provinces, each Establishment should be possessed jjf the means of repairing and 
making its own tqpis, and of repairing and re-placing any parts of cither a steam 
engine or mechanical tool that may go wrong, otherwise work may be brought 
to a stop. Spheres, cylinders, cones, spheroids, and every figure that has a 
circle for its base or root can be formed accurately, by the diflferent arrange¬ 
ments of this most useful implement, nor is it confined to wrought-iron work, 
cast-iron, brass, wood, and every material capable of being turned can be simi¬ 
larly brought under its operation. Lathes are various In their form and appli¬ 
cation, from dimensions capable of working on pieces of several tons in weight, 
to the delicate implement upon which the watch-maker forms his finest wheels. 

Latlies of any magnitude, or such as are in use in iron works, arc generally 
driven by steam power, and their moving velocity should be made variable by 
means of reversed conical gearing, as cast-iron requires a very slow motion, and 
wrbugbt-iron rather a more rapid one, brass a ^eat velocity, whilst wood 
requires a motion more moderate. 

The several processes to wliich wrought-iron is submitted arc included in 
the above desenption, excepting only such details as belong solely to the 
workman. 

Those explained are what an Engineer should know the,existence of, and 
one in charge of iron works have a practical acquaintance wi|||^ as well os the 
details connected with 

CAST-IRON, 

114. Which on account of its hardness, strength, durability, small ten¬ 
dency to oxidation, resistance to heat and cold, and faculty with which it may 
be put into any form, renders it one of the most valuable maj^rial that the 
Engineer has to deal with, and which will be ,tbe more appreciated as the 
• foundries at Roorkh(|e and FuttegUbr shall be enabled to cast t^e varieties of 
articles required of this metal; for the Departmeift Public Works has hitherto 
been deprived of it owing to the very great distance and expense at which it 
was to be obtahied, though it is itiost desirable that a material* so important 


* Thifl i» equally if mot ipore applicable to mrrougbt-iron is India, as capable of more extended use 
amd more euy of traospwi. 
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to resist tUe agents which principally cause the ruin of the destructible 
portions of the public buildings in Lidia, should be more generally brought into 
requisition. 

* The reduction of crude-iron from its ore, has already been given; Art, 
(96) which from its being too hard and incapable of flowing freely, is unfit for 
casting purposes; iron for foundry purposes becomes good in proportion as it 
receives a higher charge of carbon, consequently an opposite process has to 
be observed to obtain this iron from that of wrought-iron. It has to be 
re-melted in close contact ^ith the fuel, and with as little exposure to the air 
us possible, and it accordingly undergoes this second melting in which it absorbs 
an additional quantity of carbon, after which it is tapped, and run into foundry 
“ pigs;” the term “ pig” irotf is common in all? countries as applied to the bars 
which are formed in a series of troughs at right angles from a main trough into 
which the metal flows first when the furnace is tapped; the larger or main 
trough being called the “sow,” which generally retains the impurities direct 
from the furnace, and are not communicated to the pigs. 

Referring to the important service that the abovementioned foundries in 
the North-West are likely to render to the Department of Public Works, with 
which Establishments the Engineers of the Department will be required to 
correspond, it is cessary that they should be acquainted with the operations 
therein carriedfP,' and with the manner of making moulds, to prevent the 
cxpeiiise that might otherwise be incurred in preparing patterns from which 
castings cannot be made, or demanding articles of cast-iron that more properly 
would be executed in wrought. 

115. Pig-iron is known under three denominations, Nos. 1, 2 and 3; 
No. 1, a soft grey.kind, is the best; No. 2, medium, and No. 3, very little 
better than crlide-iron. The quality is judged of by the appearance of the 
fracture, the sound, and by s(?eing if it indenjta or breaks from blows of a ham¬ 
mer. Place dne pig on tliq ground, and throw the rest successively over it 
transversely, and the facility with which it breaks will give a fair criterion of 
its quality for strength or toughness. The sound of the blow, should at the 
same^time 1)6 attended to, for the finest soft iron scarcely yields more sound 
than would a block of lead. Its fracture will be coarsely .granular, with no 
greafr lustre. . Jfo. 3 being very brittle, re-bounds with a metallic^ sound, has 



85 


little or no granular appearance, its fracture of silvery whiteness* and strong 
lustre. No. 2 is, ^ before said, a medium between the others. The form of 
the pig should likewise be regarded to see if the underside carries the impres¬ 
sion of the little irregularities of the sand in which it has been run, if it does, 
it is a proof that it will flow freely into the moulds. The three qualities men¬ 
tioned derive their character from the quantity of carbon they have imbibed 
their formation. 

116. The iron-founder uses two kinds of furnace for melting his iron, the 
“ cupola” and the “ air-fumace small foundries should never have less than 
two cupolas, us repairs are so frequent that one is constantly out of use. 

The cupola Will only melt properly from one to twelve cwt. of metal 
at a time, and during the whole of the operation requires to be urged by tiui 
fan blast described at Art. (103.) 

117. The ai>-fumace is made lai^e enough to fuse from five to seven 
tons at once, requires no blowing, but works by^ a natural current of air induced 
by a very tall chimney. The operation of the air-fumoce is valuable to the 
founder who works for trade, and has constant and large castings to produce, 
but the cupola is best adapted to the requirements of our Indian Establishments, 
where the greater part of the work cast will be under 10 cwt* 

118. There arc four den<miinatidlis of castings dependi:^ on the manner 
in which the mould is made. They are open sand-box castings an dry and 
green sand, and loam ca.stings. The moulds for all but the last being of sand, 
having peculiar properties, and as yet only procurable from Europe.* It con¬ 
tains a clayey loamy matter that causes it to retain any form given to it when 
slightly moistened, and must not bum into hardness from the heat of the melted 
iron.f Open sand-casting is only applicable to flat plates, ’bars,^ or such posi¬ 
tions where one side only is exposed to view, whe^ strength wi^out beauty is 

* required, and where ,it is not detriiliental to have one side rough. To produce 
a casting, a pattern is necessary, being a faq^imile in wood of the tting to*be 

* Tbo teurch for monlding sand should be e^erljc prosecuted as a valuable ingredient, would be ren¬ 
dered av^able to the Indian founder. ^ 

t Since the above was written good sand has been dog from the neighbourhood cf Calcutta, rendered 
fit for moulding pnrposM by tl}e mixture of a little charcoal. This is now in use at the Iron Bridge 
Tard. • 


2 
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('aat in iron,'‘it is imbedded ia the sand which is closely rammed round it, keep¬ 
ing the top of the pattern quit« level. When moulded, the »pattcm gently 
withdrawn vertically and may be again used. The disadvantage of open sand- 
castings is their liability to warp, if of an extended form, and care is not taken 
tf> ensure equable cooling. Their upper sides too will present air-bubbles and 
<lr()sa, rendering it rough and unsightly. 

When every side of a casting is required to be fair and smooth, the top ot 
the mould must be covered with sand as well as the other parts, and this caij 
only be done by making the mould in a box, that divides into two or more 
]>iirts according to the intricacy of the article to be formed; such boxes of vari- 

forms and sizes are therefore necessary items in the stock'of every fouiidiy. 
All box-castings recjuire a pattern likewise, and if the box is filled \vith tin-. 
t)rdin{iry damp sand of tlie foundry without being dried, such sand is called 
“ green,” but though green sand is so constantly used for the common work of 
th(t foundries in England, it requires the greatest nicety and care in using, and 
is not tho best material, certainly for India, and its unpractised workmen. 
The sand requires slight moistening that it may retain the form of the pattern, 
but if green sand l*c moistened in the smallest degree, too much steam is snd- 
<loriJy generated when the fluid iron is poured in to the mould, which is,thus 
l>Ir)^vn up, and ti^hot metal disjHjrscd in' all directions. Even when the TiK>uld 
is safe, the melted iron coining in contact with damp sand and the told gene¬ 
rated by sudden evaporation, produces a bad effect on the iron by rendering it 
r«ii‘ractory and hard, tin advantug(t, if the lathe or file have not to be employed 
nil it; but all castings that have to lx; worked on should be cast in “ dry” sand. 
The process for both “ green” and dry” sand-casting is alike, except that jis 
soon as the mould is finished fur a dry sand-casting, the box is carried to th(; 
store;, opened, and kept till d^ and hard ; after being returned to the foundry, 
a lire; is made round it and over it, heatiifg the sand bqfore the metal is run 
into it. ^hc box is not opened til} the metal is quite cold. This makes castings 
rather more expensive, but should be adopted till experience enables the work¬ 
men to east in the sand as it is received frpm England, 

119. • The boxes arc best made of cast-iron, of various forms and sizes, 

# * 

they consist of four plates forming two boxes F»nd G of the'same dimensions, 
(plate 4, figure*3,) and are without tops or bottoms,**but to prev/ent the long 
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sides of large boxes from bulging a sufiS-cient number of braces, •h h must be 
fixeil across tlte tt»p of the upper, and side of the lower box. The meeting edges 
of the boxes should be so even, that a perfect joint be formed and their true 
position preservt-d by the steadying i)m8 m m passing into holes ^ / on 'Jk; 
upper edge of the lower b(^x. 

To mould an ur^ide. of which the pattern has been prepared, the lower4)ox 
is placed Jis level as po.-sibie and sand rammed into it well to such a height that 
one-half the thickness of llie pattern placed in tlic box shall ho exactly sunk in 
it, an<l the other hnlf wholly above its upper edge. The lower box is then 
filled u]) level with sand carefully rammed round the pattern, the top of the 
san<l is then made* hard and level jls possible by a small W'ell-poliehcd trowel. 
'J'hat done, a small quantity of vdry fine brick-dusl is sprinkled over the top to 
prevent the adliesion of the sand in the two boxes. The njjper box is now 
placed on the lowt?r as in (figure 3,) and well nimmed witii sand to obtain 
the impression of the upper half of the pattern. Before/filling the top box two 
slightly tapering turned sticks are placed vertically, small end dovmwards on 
the pattern, and rammed about with sand as well as the pattern itself, and 
when the up^Kir box is filled the moulding is complete. A funnel-shaped cavity 
is then sunk with tlic fingers round one of the sticks and they are tlien with¬ 
drawn. The hole thuf is left with the funnel opening, is called the “ gate,” and 
is the channel by which the ntetal is poured in, the other is .the “ vent,” 
fur the escape of the .xir, as well as the steam and gas that is generated 
us soon as the hot iron is introduced; it also informs the moulder when 
the mould is full, that lie may cease i>ouring. When the moulding as above 
described is completed, the ’’lost difficult and delicate operation remains to 
be effected, which, is that of separating the two boxes for the removal of the 
jiattem, without breaking down the sand in wluch the impression has been 
. made. In large ah4 heavy castings,, or where there are many boxes to lift, the 
operation is effected hy a circular crane vnth rack and pinion wbrk on J^he 
iiorizontfll beam, this crane sweeps the whole area of the moulding shop and can 
be adjusted to pick uj> a top box froqa any point in the area. It is used also to 
<;onvey the liquid metal from the cupola to the casting boxes, when the ladle in 
which it is carried is larger Jthan four men can manage. For small work or 
whore there is not mu<ffi*of it, the operation is conducted by a mam going t6 each 



88 


top handle in, who raises thewbox as steadily as possible, inverting it most care¬ 
fully on the floor for examination, and any little repairs the sand may require. 

To remove the pattern from the lower box, is not difficult, a little 
water from a rag is applied all round the pattern, and one or two nails driven 
into the top whereby to lift it, or by striking it gently with a hammer to 
loosen it, it may be gently lifted from its bed without any serious damage to 
the sand. 

The most convenient way for an Engineer to transact business witli a 
distant foundry, and one which is attendant with the least probabilities of dis¬ 
appointment or error, is for him to prepare under his own eye the wooden 
patterns of the articles required to be cast, * and to send them to the foundry ; 
for to whatever locality the c!asting can be seht from the foundry, the pattern 
can be sent from the former to the latter; elaborate and detailed drawings, 
though necessary accompaniments to an estimate, necessary also as wc»rking 
plans to a subordinate br overseer, would occasion much loss and trouble if mis¬ 
understood by the pattern-makers at the foundry, and might cause a casting to 
be sent that did not agree with what was wanted. Cast-iron is so hard a 
material to work in, that every precaution should be taken to guard against 
having any more work than is absolutely necessary to do to a casting after it 
leaves the foundry: to prevent therefore bn Engineer from making his pattcjrns 
wong, and ^hereby probably receiving a solid when he wanted a hollow casting, 
he must bear in mind that though a pattern is the exact representation of th«? 
thing to be cast, boles and hollows are just the reverse, for instead of making a 
liolc in the pattern where a hole is required in the casting, it should be marked 
by convex projection of, the same size and form as the hole, such projections 
l>eing called “ prints.” The print is for the puipose of making an impression 
of the hole in the sand, which^ hole is to contain a core made of loam, sand, or 
other material, the size of which is pointed, oat by the print* hole, which it must • 
exactly fif. 

120. The core need form no portion of the care of the Engineer re(piiring 
the casting, the prints are his business, '^ich should be put on exactly where 
holes are w*^ted, and the moulding foreman at the foundry •Nvill undei^tond 
them, they should be fastened on with brads, never glued,-nor should glue be 
used in any part of a pattern, or however neatly it may have been managed, 
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tlic moist lient of the moulding sand wiil dissolve Jt more or less and tlic sand 
will then adhere to the pattej ij. Dovetailing and brads must be resorted to. 

For the iiiforinatioa of the I'lriginecr studying or first joining a foundry, 
lie should learn that cores must be of such material as tvill resist heat ami the 
pressure of the iron, yet not babe into so hard u substance as sliall prevent its 
removal from tlic hole when the casting is finislicd. Long cores particularly 
when used horizontally, must be strong and incapable of bending, for iron in a 
fluid state has a buoyant power of more than half that of fj[uicksilver and will 
float up any thing lighter than itself, such cores t.li<irefore are made upon iron 
bars, if of mediiim size, or on tubes of cast-iron pierced with small holes, if the 
hollow retjuired will admit them. , The holes are for the discharge of air and 
steam as the hot metal is pourcd’ui, these core tu'fles being princijially reejuired 
for easting pipes. The core is prepared on tlic tube by first twisting wet hay 
round it in an cvcm inamicr which is afterwards covered with well-beaten wet 
loam, mixed with hair or cotton, to give it t,enacity. ’It is made truly cyliii- 
<lrical by means of a small winch, which is fixed to one or two ironpWots pre¬ 
viously inserted in tlie ciuls of tlic tube, smd made to revolve against the 
straight edge of a hoard. Jt is afterwards di'icd or baked in the “ stove” which 
is a \)i'iek room attached to the foundry, with un arched covering, and closed by 
iron folding doors ; good fires arc kept in this room, that it may be constantly 
hot for drying cores and moulds. Conrs after they are baked liurjl, require to 
be dressed and smoothed by a coarse file; then blackened by a mixture of coal 
dust and water, and finally dried ngaiii for use. 

121. Loam-casting is the most diflicult and costly, and only resorted to 
when castings are required for large manufacturing purposes, which a box could 
not contain, such a^ the cylinder of a steam engine, air vessels for forcing pumps, 
iScc., &c., they arc carried on from drawuigs principally, and require a poAverful 

, circuku* crane for the operations. •The mouldmg is the same as modelling in 
clay or loam, the charge of metal for the castkig requires to rdn from,un 
air-furnace, as in general a cupola could not hold it, and instead of being 
curried to the mould in ladlis, is iiiu in a gutter of sand from the top hole of 
the furnace to the gate of the mould. , , 

122. Patterns i^re iievei; made in single pieces when it* can bo avoided, 
but in two Jialves put together with steady-pins, the object of this arratigbnent 

Y 
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id to dimiuisli tlie difficulty of taking the pattern out of the moulds, as they are 
so placed in the boxes (hat llic joining is horizontal, and on separating them 
onc-half the pattern remains in each box. The surfaces of pattems should be 
very smooth, and tJic lower part that is to sink into the sand, smaller In a slight 
degree than the ujipcr, that it may become immediately detached from the sand 
on being raised in the slightest degree. 

Dilierciit kinds of iron contract in diiTcrent degrees in cuoung, No. 3 mOvSt 
of all j HO tiiat it is of importance in making patterns that an allowance be 
made for this contraction. ^Thc average that is madu is one-eighth of an inch 
to each foot of extension for medium or No. 2, this being rather too much 
for No. 1 and not quite enough for No. 3. 

The weight of castings iilay be approximately ascertained by weighing the 
pattern and multiplying that weight hy 1 T4 if of light wood such as deal, or by 
10'8 if of harder wood, such as toon. r 

123. The specific* gi\'ivi(y yf cast-iron is 7*207*’ a cubic foot, weight 450 
lbs., and \x superficial foot one inch thick, weight 37?, lbs. 

12-1. Tlic fiital consequences that might result from the use of timber for 
supporting lieavy buildings, either hi case of fire or of decay, have often been 
foreseen, but in fc;w instances it has happened that where iron has been used 
loi- gi'catcr seimrity against fire, the ntrueture has failed from want of strength. 
Such fiiiltirej'havc not occurred from any defect in the material itself ; for it 
(oo often happens that such works arc conducted by persons of little experience 
and less scientific knowledge. Men of little experience too frequently imagine 
<l*at n large iiiecc of iron i.s almost of infinite strength ; and tlioy often have a, 
lik<* iTidistinct notion of pressure. They design to please the eye, without regard 
to litnoss, Htrengtli, of durability, instead of ornamenting a support, they make 
the supjiovt itself the ornament, and sacrifice every thing to lightness.of effect. 
The dimensions of tlic most important pai’ts »f structures arc too often fixed by , 
gu^ss or ftliancc ; and the parson who calculates the value of materials to the 
fructiem of a penny, seldom if ever, attempts to estimate their power, or the 
stress to which they will be exposed. 

Mlieii.it is considered that it is absolutely necessary that the parts of a 
building or ii machino should preserve a certain form or position, as well as 

• • * Dr. Tho3«Young, Natural Fhilotppli^, Vol. 11, page £03. 
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that they should hear a certain stress, it will become obvious tlig-t something 
more than the resistance to fracture should bo calculated. lu caso,s whore 

the parts are short and bulky, it may do very well to employ the rules for 
resistance to fracture, and make the parts strong enough to sustain four times 
the load, but such cases rarely occur ; and where long pidccs are loadc(l to oikj- 
fourth of their strength, we may expect most flexure, vibration and instability ; 
1 think every one, who carefully examines the subject, will feci satislied that 
the measure of the resistance of material to flexure, is the only j>roper mea¬ 
sure of its resistance, when it is to be applied wlicre perfect rin f)V maUcrable 
position is desirable ; and the measure of its resistance to permanent altera¬ 
tion when it is uspd, where flexure is not injurious nor objectionable. 

1 must not omit to remark, that cast-iron when it fails gives no warning 
of its approaching fracture, which is its chief defect when employed to smstain 
weights or moving forces ; thenflore care .sliould bo taken to give it sullicicnt 
strength. And it will be obvious, from the preceding remarks, how much its 
strcngtli depends upon the skill and experience of the fonuder. 

STllKNOTIl AND STRESS OF IRON. 

• « 

125. The following Tables and. Explanations refer to the strength and 
.stress of wrought and cast-iron, arc based on the experiments of Trcdgold, 
linrlow, Kenuie, M. S. Brown, and the rules and deductions resulting from 
them. 



TABLE I. 

A TaUe of the Depths tf S^ufire Beams cr Bars rf Cast-iron of different lengths, to sustain Jfdghts* of from one Ctet. 
to SOO Tons, irten supported at the cntls and loaded in the middle, the deflexion not to exceed of an rwcA for each 
foot M length. • 
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• Hie vctgtit ctf U» toad to be en^OTted, must include Uie vcigbt of the beam. To find the weight of a beam, mnltiply the area of the section in inches ky the 
length in feet knd by 3% which will give die wei^t in lbs. 






the SHffnta of Beams. —(Continued.) 


93 



■aaotut 

e« 

V 

A 

e? A ? u> 

« 4 P 

A 

A 


re 

Ob 

s 

NN 

«N 

aN 

04 

AN 

2 

N|« 

AN 

s 

A 

Ire 

AN 

» 

re 

re 

i 

£ 


'•aqoiq 


A 

M 

9 ^ to 9 

A 

A 

aN 


m 

Id 

ao 

04 

Id 

tre 

9 

n 

re 

re 

9 

94 

p 

9 

TRdaa 

« 

ce 

A 

di A e 

ma m 4 

•M 

AN 

0 « 

AN 

9 A 

AN 

h 

AN 

09 

CO 

AN 

AN 

AA 

3 

Id 

nn 

2 

2 

AN 

o 

AN 

2 


ei 

to 

’•oqeu] 



A 

A A -H t- 

A 

A 

A 

re 

re 


Id 

re 

AN 

A 

40 

A 

AN 

A 

C 9 

re 

s 

tlJdea 

9 

00 

A 

• S ^ 2 

w 4 

AN 

AN 

M 

aN 

94 

AN 

04 

AN 

5 

«0 

AN 

2 

aN 

NJI 

AN 

AN 

AN 

2 

2 

bd 

«N 

Id 

AN 



’saqao} 

94 * U) 

N* 

A l« p 4 -ei 

re 

A 

A 

A 


re 

aN 

Id 

Ire 



Id 

Ire 

re 

a 4 

A 

re 

% 

»ndea 

so 

so 

9 

d> & A 

o 

m 

AN 

AN 

AN 

01 

AN 

94 

AN 

94 

oa 

AN 

ce 

AN 

o> 

AN 

NK 

AN 

AN 


Aft 

AN 

AN 

Id 

aN 

Id 

AN 


. 

’■ 01 ^] 

o 

A 

»t> 

A «l< A 

" 4 < 

hA 



o 


re 

AN 

-r 

A 

re 

aN 

00 

Id 

Ia 

9 



tlldaa 

so 

« 

00 

b> ^ 3 ) A 


o 

•N 

Al 

aN 

AN 

AN 

AN 

AN 

bi 

AN 

ce 

AN 

CQ 

ce 

aN 

ee 

AN 

3 

NCf 

AN 

3 

•Nt 

AN 

2 


H 

'coqatq 

r» 

9 

A 

A m Id A 

AN 


db 

re 

Ire 

o 


» 

ire 


Ob 

A 

tre 

0 b 

AN 

re 

«d 

re 

s 

qjdaa 


9 

9 

A A A A 

e 

& 

AN 

o 

aN 

AN 

aN 

•N 

a 

ea 

AN 

04 

AN 

«e 

AN 

ce 

«N 

ce 

AN 

•N 

ce 

AN 

Afl 

AN 

!«■ 

AN 

3 


mm 

'floqapi 

Id 

r% 

A 

O A M A 

00 

aN 

A 

A 



A 

re 

re 

re 


0 > 

Id 

Ire 

0 b 

«N 

Id 

4 n 

* 

qidaa 

(<1 

i- 

w 

A A A A 

A 

o 

aN 

& 

AN 

AN 

AN 

aN 

H 

AN 

aN 

Ob 

AN 

ce 

AN 


i 3 

ce 

wN 

99 

aN 

AN 



‘saqoni 

IN 

9 


A A A A 

Id 

r« 

A 

A 

?> 

re 

to 

A 

AN 


A 

9 

A 

04 

•r 

<9 

In 


qidaa 

IN 

1 -* 


« A oe A 



AN 

O 

aN 

o 

AN 

AN 

-N 

AN 

AN 

et 

^a 

AN 

04 

aN 

4 # 

ee 

aN 

ce 

aH 

ce 

AN 

90 

AN 

* 


'saqaq) 

q»daa 

o 

V 

V 

!<• 

0 » ^ « 9 > 

^ fe A « 

aN 




AN 

Ob 

aN 

04 

• 

aN 

ip 

AN 

ire 

•w 

AN 

0 b 

wi 

ii 

A 

aN 

Id 

AN 

aN 

re 

2 

io 

AN 



'saqaa; 


A 

M 

A A ^ td 

re 

o 


« 

0 ^ 

NO 

tre 


04 

re 

Ire 

01 

o 

04 


9 

n 

i 

qt^aa 

ie 

(0 

e- 

^ 1 * le so 

« 

A 

Is 

9 b 

o 

AN 

o 

AN 

AN 

*N 

•H 

AN 

AN 

pN 

:: 

AN 

SA< 

2 

04 

AN 

04 

AN 

O? 

AN 

■1 

mm 

’•aqam 



00 

m A A 

A 


A 



o 

re 

•0 

re 

o 

AN 

AN 

re 

In 

0b 

o 

Id 

Id 


qtdaa 

to 


Co 

*» f» * 

re 

re 


9 b 


o 

A 

A 


1 A* 

aN 

AN 

aN 

AN 




pMi 












AN 


AN 


AN 

aN 

AN 

•N 

AN 


m 

•caqaiq 


«4 


A A A so 

A 

A 

«d 

A 

re 

Id 

re 

9 

ei 

* ^ 

<9 

re 

9 

<N 

ce 

re 

mm\ 


qjdea 

6 

<0 

« 

A ^ l« 

do 

« 

re 

re 

A 


A 

AN 

40 

AN 

AN 

6 

AN 

AN 

AN 

AN 

aN 

A) 

AN 

aN 

AN 

H 

• 

« 

«w 

’eeqotti 

t^dea 

tp 

ui 

o 

u> 


<D A ^ 

s • • a 

qe «0 h'A 

• 

t** 


00 

f» 

09 

£ 

o 

A 

cd 

bd 

ire 

0b 

A 

aN 

o 

o 

o 

9 

« 

A 

•b 

2 

« 
















AN 

AN 


AN 


AN 


id 

•floqnnt 

tfS 


A 

A >0 h> A 

A 

•A 

h- 

A 

re 

A 

re 

O 

?» 

A 

<d 

(• 

re 

e 

«N 

re 

— 

qtdoQ 

ua 

So 

A 

« A A t- 

!<• 

h. 


re 

re 

« 

00 

9b 

A 

re 


<h 

Ci 

b 

AN 

« 

O 

AN 

H 


'Muonf 

qi«a 


A 

•4 

A M ra >0 


db 

A 

A 

00 

A 

04 


A 

re 

Cb 

AN 

94 


Id 

9 

2 


(O 

«9 

A 

A A A A 

A 


^A 

tre 

Ia 

eo 

re 

re 

40 

03 

» 


94 

0b 

Ob 

bA 

C 

gj 

‘foqsoi 


A 


A ^ ^ e 

00 

7" 


?» 


r 

A 

re 

0b 


« 

A 

re 

rre 

* 

?» 

re 

m 

tndoa 



■a 

A A A A 

A 

A 

A 

A 

W 

tre 

Ire 

e. 

fa 

re 

re 

re 

se 

re 

00 

re 



•soqau] 

«Q 

■O 


A M re A 

C<re 

re 

aN 

re 

A 

re 

9 > 

AN 

m 


UA 

tre 

«» A 

e 

••a 



qsdaa 




^ ua bO «» 

Id 

bd 

<o 

te 

ce 

C 0 

<d 

tre 

Ire 

iU 


1 - 


L>- 

b 

00 



‘tairaut 

A 

e 


««f A A .A 


di 

A 

e« 

f» 

A 

o' 










s* 

• 

KdjliJI 

A 



A A 

d» 

A 

Id 

Id 

A 









t 


» 



'eaqau) 

-e 

« 

>0 

A A P> A 

A 

A 



• 


a 










AN 

10 

qtdna 

h 

« 

n 

re 

A 

















« 

’eoTCDi 

%«a 

to 

9> 

h 

A 

cs 

r « r 5(9 

A re re re 

a 
















aN 


li 


1!!S 


*• 00 ) 


S 


1 


s 




«» 

94 


S*1 


Z 


If tie deptk <tf » cast-iron Inr be mnltiplied by 0*937, the product wiU bo the depth of » square bar of wTOnght-bon of equal stiffness. 
If the depth of • east-iion beam be mnltipUed by 1-83, the product wiU be the depth of a square beam of teak of equal stiffness. 
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TABLE IL 

4 

A Table to show tJte weight or pressure a Cylindrical Pillar or Column of Cast-iron wUl 
• ssutmn with sqfetyy in hundred weights. 


Length 

or 

height. 

2 ft. 

4 ft. 

C ft. 

8 ft. 

10 ft. 

12 ft. 

14 ft. 

16 ft. 

18 ft.' 

20 ft. 

32 ft. 

24 ft. 


Diame- 

ter. 

1 

Wt. 

Cwts. 

Wt. 

Cvts. 

Wt. 

Cwts. 

Wt. 

Cww. 

1 

Wt. ' 
Cwts. 

Wt 

Cwts. 

Wt. 

Cwts. 

Wt 

Cwts. 

Wt. 

Cwts. 

Wt 

Cwts. 

Wt. 

Cwts. 

Wt. 

Cwts. 

Diame¬ 

ter. 

1 In. 

1 

12 

8 

1 

3 

2 

• 

2 

1 

1 

1 

1 

0 

■ 

1 

In. 

H „ : 

B 

SC 

28 

19 

16 

12 

9 

7 

6 

6 

4 

1 3 

t 

H 


2 « 

82 

72 

69 

49 

40 

t 

32 

26 

22 

18 

16 

13 


2 

17 

24 M 

‘ J20 

119 


01 

77 

65 

66 

47 

40 

34 

29 



17 

3 „ 

168 

178 

163 

146 

128 

111 

97 

84 

73 

64 

66 


3 

17 

34 H 

267 

247, 

232 

214 

191 

172 

166 

136 

119 


94 

63 

3i 

77 

4 „ 

837 

326 

310 

288 

266 

242 

• 

220 

197 

178 

160 

1 

144 

130 

4 

17 

44 n 

• 

429 

418 


379 

364 

327 

SOI 

276 

261 

229 

208 

169 

4* 

17 . 

3 » 

630 

622 


470 

462 

427 

S94 

366 

337 

310 

286 1 

362 

6 

77 

6 » 

610 

607 


673 

660 

626 

479 , 

469 

440 

413 

386 

1 

360 

6 

»» 

7 » 

1040 

1032 

i 


989 

969 

924 

887 

848 

608 

76^ 

1 

725 

686 

7 

17 

8 „ 

1344 

1033 


1289 

.1269 

1324 

1185 

1143 

1 

1097 

1062 

1006 

969 

8 

77 

y « 

1727 

1716 

1697 

1672 

; 1640 

8 

1603 

1661 

1515 

1467 

14*16 

1364 

1311 

1 

1 

9 


10 „ 

2133 

2119 

2100 

! 2077 

2046 

2007 

1964 

1916 

1666 

1811 

1765 


10 

77 

n „ 

• 

2580 

2670 

2660 

2630 

2490 

3460 

2410 

2358 

2305 

2248 

f 

3169 

3127 

n 

77 

13 >. 

• 

3074 

» 

8060 

• « ' 


8020 

• 

2970 

8980 

3900 

2830 

2780 

• 

3780> 

*2670 

2600 

, t 

9 

12 

77 
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EXPLANATION OF THE* FIRS'! TABLE. 

. • 

A26. The first table shows, by inspection, the dimensions of square beams 
to sustain weights* on pressures of from one hundred weight to 500 tons, so as 
not to be bent or deflected in the middle more than one-fortieth of an inch for 
each foot in length. 

The length is the distance between the supports, &b A B figure 4, plate 4, 
and the stress, whether it be from weight or pressure, is supported to act at 
the middle of the length, as at C in the figure.. The breadth and depth 
are supposed to be the same in every part of the length, and equal to one 
another. , 

The horizontal row of figures at the top of the ‘table contains the lengths 
in feet. 

The columns at the outsides contain the weights in cwts. and tons, and 
the second column, on the left-hand side, contains thd weights in pounds 
avoirdupois. 

The horizontal row of figures at the bottom shows the deflexion for each 
length. The other columns show the depths in inches. 

EXPLANATION OF THE SECOND TABLE. 

, 127. The second table shows, by inspection, the weight or pressure a 
cylindrical pillar or column of cast-iron will bear with safety. The pressure 
is expressed in cwts. and is completed on the supposition that the pillar is 
under the most unfavorable circumstances for resisting stress, which hap¬ 
pens, when from settjements, imperfect fitting, or other causfes, the direction of 
the stress is in the surface of the pillar A A\ as sho^ in figure 5, plate 4. 

The horizontal i;ow of figtires* alone the top of the table ^contains the 
lengths or heights of the pillars in feet. 

The outside vertical columns of the table cont^ the diameter of the 

pillars in inches. • . 

The other vertical columns of the table show the weight in cwts. which 
a cast-iron pillar, of the heights at the top of the column and of'the diameter 
in the side cojumns, will support with safety; consequently of tJiB*height, the 

2 A 
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diameter aad the weight to,be supported, any two being given, the other will 
b§ found by inspection. 

EXAMPLE AND USE OF THE TABLEST 

128. Example 1.—To find the depth of a square bar of cast-iron, twenty 
feet in length, that would support ten tons, the deflexion not exceeding half 
an inch. 

Find the column in table I., which has the length twenty feet at the top, 
and in that column, and opposite to ten tons in either of the side columns, will 
he found the proper depth for the bar, whiph 9*8 inches. 

If the depth 9‘8 be multiplied by 1*71, it will give the depth of a square 
beam of fir that would support the same load with the same deflexion. Thus 
1*71 X9’8i= 16*76 inches nearly the depth of the fir beam. 

If the depth of a teak, beam be required, multiply by 1*83; thus 
1 *83 X 9*8=17*93 inches is the depth of a teak beam. 

Example 2.—Let it be required to find the depth of a square cast-iron 
bar to support ten tons without more deflexion than one-tenth of an inch, the 
length being twenty feet. 

By examining the deflexion for twenty feet at the foot of the column in 
table I., it be found five times one-tenth of an inch, hence take the d^th oppo¬ 
site five times the weight or fifty tons, which is 14*6 inches, the depth required. 

When a bar or beam is cniploycd to support a load in the middle, or at 
any other point of the length, a great saving of the material is made by making 
the bar thin and deepf.provided it be not made so thin as to break sideways. 

The depth of a beam is sometimes limited by circumstances, and as no 
proportion could be given that would suit for every purpose, it is left entirely 
to the judgment of the person who may Use the table, ^ut there is a limit te 
the depth, which, if it be* exceeded, raders the use of cast-iron for bearing 
purposes very objectionable and dangerous, where the load is likely to acquire 
some degree of momentum from any pause; for if ihe deptii be increased it 
renders a beam rigid or nearly inflexible, and then a comparativdy email impul¬ 
sive force will bre^ it. *■ A vay rigid beam resembles -a* luu<d body; it will 
bear an immense pressure, but the strdee of a small (fammer will fracture it. 
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In order to mark the point where the depth has arrived at that proportion 
of the length which makes it become dangerously rigid, I have ‘stopped the 
column of depths at that point, and should it be required to sustain a greater 
weight, the breadth must be increased instead of the depth.* 

EXAMPLE OF THE USE OF THE SECOND TABLE 


129. Example 3.—Let it be required to support the floor of a ware-house 
by iron pillars, where the greatest load on any pillar will be 70 tons, the height 
of the pillars being 14 feet. 

Seventy tons, is equal to 1,400 cwta., and in the column having 14 feet at 
the head, in the second table, l,5(ii'ovta. is the nearest weight, and the diameter 
opposite this weight in the side column is 9 inches, the diameter required. 

If it be wisjied to approach nearer to the proportion, take the mean 
between ttte weight above and that below 1,400, that is the mean between 1,561 
and 1,185, which is 1,373 or nearly 1,400; hence it appears that a little more 
than 8^ inches would be a sufficient diameter, but it is seldom necessary to 
calculate so near. 

When pillars are placed at irregular distances, that which carries th(! 
greatest load should be calculated for^and if it happen that Such a pillar stands 
10 feet from the next support on one side, and 6 feet from the next support on 
the other side, add these distances together, and take the mean for’the distance 


apart; thus— 


10+6 16 ^ 
—a- = -2 =^' 


the mean distance of the supports. 

There are twn means of increasing the strength of at beam; the, one con¬ 
sists in disposing the parts of the‘cross section in the most advantageous form; 
the other, in diminishing the beam towards the ^rts that are least strained, so 
that the strain may be equal in every part of th^ length. 

If a weight be uniformly distributed over the length of a beam supported 
at both ends, tod the breadth be the same throughout, the line bounding the 


• The efihet of ^ land nnifomly <^ibuted over the lewrtb. ia to be coaeidered equel to that of half 
the loed collected at the middli point. 
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compressed side ^ould be a semi-eUipse when the lower side is^strsight,* as 
shown in figure 6, plate 4. * . 

When a rectangular beam is supported at' the ends and load^ in any 
manner between the supports, it may be observed |hat the aide ag^st .^hich 
the force acts is always compressed, and that the opposite side is always extend¬ 
ed, while at the middle of the depth there is a part which is neither extended 
nor compressed, or in other words, it is not strained at nil. 

In almost all substances the fracture shows distinctly that a part has been 
extended and the rest compressed; and in some substances, as wood, lead, tin, 
wrought-iron, &c., the plate of the axis of motion may be observed in the 
fracture. 

STR4INS ON WROlJQHT-IRON. 

130. A bolt of Welsh iron, 12 feet 6 inches long and 2 inches in diameter, 
required a strain of 82 tons 15 cwt. to tear it asunder. When subject to a 
strain of 68 tons, it stretched 8 inches, and was reduced to inch in dia¬ 
meter. When the strain was increased to 74 tons 15 cwt., it had stretched 
6 inches, and was reduced ^ of an inch gradually in the diameter. ^ With 82 
tons, it stretched 14 inches. With 82 tons 15 cwt. the bolt broke about 5 
feet from the end, the levers being exactly balanced. It had stretched duHng 
the whole process 18^ inches, and measured at the place of rupture inch 
in diameter. • 

A bar of cast-iron, Welsh pig 1^ inch square, 3 feet 6 inches long, required 
a strain of 11 tons 7 cwt. to tear^t asunder; broke exactly transverse, without 
being reduced in any part; quite cold when broken; particles fin^ of dark 
blueish-grey color. 

Mr. Barlow, glvel the mean of Captain Brown’s experi-* 

ments with wrought«^n, ..... 25 tons. , 

The mean of Mr. Telford’s experiments,^......d.2^ tons. 

• And t^e mean of the two5s ... 27 tons hearly, 

which may be safely assumed as the medium strength of 4n iron bar 1 in^ 
souaref to resist tension. 

t narlovVEM7, ,lii|A«Utloii, p^J($S. % 
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In pMctice dne-third or 9 tcmis is the extreme Btrain to winch a rod or 
bar o£ one sectiotud inch should be perznancntl^ exposed. 

181." It is found in practice, that a number of small bars thus laid toge¬ 
ther, will bear a greater propertion of load than a single bar eq^iial to the sum 
of all their areas. This anomaly is believed to proceed from the greater perfec¬ 
tion with which small bars may be wrought and prepared than large ones, as 
all metals are improved in their strength by hammering or wire-drawing, so 
the effect of hammering 16 small bars separately will add more to their 
strength than hammering on a large bar equal to the sum of their areas. 
Metals can only be improved in their -strength by hammering or wire-drawing, 
in consequence o£^ these operations^ forcing their constituent particles into a 
closer state of aggregation; and this can easily be done in small bars, because 
from their want of re-action, they yield to every blow of the hammer, and its 
effect is tiransmitted through their whole substance, while the re-action of a 
large and heavy bar opposes this effect, and the^ condensation is more confined 
to the surface. A number of small bars acting simultaneously, are ^erefore 
found to produce more strength than one large bar equal in size to their sum. 
It likewise'explains why a faggotted bar of iron should be stronger than one 
that .has not undergone the operation. 

A bar of Swedish iron 1 inch square and 3 feet between the bearings, bore 
a load of 560 lbs. in the middle, and was deflected by it ^ inch.* 

With 716 lbs. the deflection was.;. *375 inch. 

With 884 . -S inch. 

Being then relieved of its load, the bar resumed a rectilinear form. 

With 1,120 lbs. the deflexion was 1 inch, and the elasticity of the bar was 

destroyed. , » , 

As a mean, Mr. Barlow states-1,000 lbs. for the load that Will destroy the 
- elasticity of a bar of wrought-iron,B8qpported at both ends, 1 inch ^uare and 
3 feet long between the supports. , • . 

Mr. Barlow does not state at what load Aexure was first sensible; but a 
bar was d^ecled of an inch by 560 lbs., it may be assumed that it would 
not be safe to load it permanently with more than 280 lbs. Takinsr therefore 

* Bldoir*f £«8»7t 8rd page SJ8. 

2 B 
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280 11}s. ^B^thc strain that a bar of iron 3 feet long and 1 inch square will bear 
without injury, a bar 1 foot long and 1 inch square will bear 840 lbs. in the 
middle, or say 800 lbs. as a more convenient number for calculation, and on 
the* safe side, since it will give a somewhat greater strength. On these data 
the following rule proceeds: 

132. To find the proper diameter for a round wrought-iron bolt at rest, 
supported at both ends and loaded in the middle. 

Rule. —Multiply the strain in pounds by the length of the bolts in feet 
between their supports, and divide the product by 800. The cube root of the 
quotient is the proper diameter for the bolt.* If the bolt is to be loaded uni¬ 
formly over the length instead of in the middle, then divide, by 1,600 instead 
of 800. • • 

Example. —In the Menai Bridge, each of the bolts, that retain the 16 
chains, must bear 125 tons, since the whole strain on the chams may amount to 
about 2,000 tons. The length of each bolt between its bearings against the 
rock, is 18 inches, and the chains are disposed along that length; therefore the 
divisor will be 1,600. 

Then: 

(Strain in lbs.=)2,80,000 lbs. X 1*5 feet = 262*5. The cube root of Tvhich 
is inches for the diameter of the bolt; the actual diameter is 6 inches. 

The foregoing rule is adapted to proportion the strength of a bolt to bear 
3| times the strain it is exposed to, before losing its elasticity, and will give 
sufficient strength for the retaining bolts of Suspension Bridges which are at rest. 

OF THE STRENGTH AND DEFLEXION OF CAST-IpnM WHEN IT 

RESISTS PRESSURE OR WEIGHT. 

» 

133. The doctrine of *the strength^ of materials rests upon three first » 

principles^ and'these are abui^dantly proved by experience. ^ 

The first is, that the strength* of a bar or rod, to resist a given strain when 

drawn in the direction of its length, is directly proportional to the area of its 

• , 

* BoeOrtiB* stre&gUa of bon of iron ia inversely m tbo lengib, oad (Ureotly as tbe braadtlw and 
squares of the 4epthi| and therefore, when the bars are roimd,*the ttreagthi Ire as die oubes of the 
diameter. 
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cross section; while its clastic power remains perfect and the direction of the 
force coincides with the axis. 

The second is, that the extension of a bar or rod by a force acting in the 
direction of its length, is directly proportional to the straining force, when the 
area of the section is the same'; while the strain does not exceed the elastic 
power.* 

The third is, that while the force is within the elastic power of the mate¬ 
rial, bodies resist extension and compression with equal forces. 

It is further supposed that every part of the ^amc piece of the material 
is of the same quality, and that there are no defects in it. If there be any 
material defect in a piece of cast-irqp, it may often be discovered, either by 
inspection, or by the sound the "piece emits whch struck ; except it be air- 
bubbles, which cannot be known by these means. 

A free weight* or mass of matter is always to be considered to act in the 
direction of a vertical line passing through its centre of j^avity; and its whole 
{‘fleet as if collected at the point where this vertical line intersects the beam or 
the pillar, which is to support it. But if the weight or mass of matter be par¬ 
tially Bustafned, independently of the beam or pillar, in any manner, then the 
direction and intensity of the force must be found that would susttun the mass 
in equilibrium, and this will be the Erection and intensity of the pressure on 
the beam or pillar. 

The strain upon a beam supported upon a fulcrum, as in figure 7, plate 4, 
is obviously the same as when one of the ends is fixed in a wall, or other like 
manner, for fixing the end merely supplies the place of the weight otherwise 
required to balance the straining force. But though the^strain upon the beam 
be the same, the de^exion of the point where the strain applied will vary 
according to the mode of fixing the’end ; because the deflexion of the strained 
^Kjint will be that prefaced by the ourvature of both the parts A B and B A', f 

• Thu Umit riiould be carefuUy attended to, for ae soon u tkc rtnun exceeda the elaetio power, the 
rtuotaity ofthematcAdbecomea aenaible. The degree# of duotiUty are extremely TarUblo indifferent 
bodies and even in different aUtea of the eame body. A fluid poneaaea thia |^perty in the gr»tert d^. 
for every ehange in the reUtive position of ito parte U permanent; 

f Thie is a practical*deduction from an abetnue algebnucal calculation which ia omitted, but may be 

found in “ Tredgold on Caet-iroiff* p. 149. 
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When^the same beam supported at the ends, as in figure 8, instead of 
being loaded at the ends, and supported in the middle, as in figure 7, and the 
inclination and sum of the load be the same in both positions, the strains will 
be the some. 

PRACTICAL RULES AND EXAMIfLES. 

134. Rule 1.—To find the breadth of an uniform cas^i^on beam, to 
bear a given weight in tboi middle. 

Multiply the length of bearing in feet by the weight to be supported in 
}K)un<ls and divide the product by 850 timos the square- of the depth in inches ; 
the quotient will be the breadth in inches required.* 

RtJLE 2.—To find the depth of an uniform cast-iron beam, to bear a given 
weight in the middle. 

Multiply the len^h of bearing in feet by the weight to be supported in 
pounds,'and divide tHs product by 850 times the breadth in inches; and the 
square root of the quotient will be the depth in inches. 

When no particular breadth or depth is determined by the nature of the 
situation for whieh the beam is intended, it will be found sometimes convenient 
to assign some proportion; as for cs:am]^le, let the breadth be the nth part of 
the depth, ji representing any number at will. Then the rule becomes, 

Rule 3.—Multiply n times the length in feet by the weight in pounds; 
divide this product by 850, and the cube root of the quotient will be the depth 
required: and the breadth will be the nih part of the depth. 

It may be remarked here, thjttt-the rules are the same for inclined as for 
liorizontfll beams, When the horizontal distance FF’ figure.8, is taken for the 
length of bearing. 

135. Example 1.—In a situation wh6re the flexurei of a beam is not a* 
material 'defect, I wish to suppegrt a loa4 which cannot exceed 33,600 lbs. (q||: 
15 tons) in the middle of a cast-iron beam, the distance of the supports being 
20 feet, and making the breadth a fourth ^art of the dept}i. 

a 

* If Uie bar ia to be of wroaght-iren, diride hf 952 instead «f 850. 

• *lf the beam b»ef teak, divide bj 219 InaUiad of 850. * 
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In thiapcase 

. . n = 4 and = 3162’35. 

The cube root of 3162*35 is nearly 14*68 inches^ the depth requined; 
the breadth is • • 

=: 3*87 inches. 

In practice therefore I would use whole numbers, and make the beam 15 
inches deep and 4 inches in breadth. 

When the load is uniformly distributed over the length of a beam, whicJi 
is supported at both ends. 

In this case tbc same rules apply as in Art. (134,) by making the divisor 
twice 850, or 1700. 

Example. —In a situation where I cannot make use of an arch for want 
of abutments, it is .necessary to leave an opening 15 feet wide, in an 18 inch 
brick wallj required the depth of two cast-iron beams to .support the wall over 
the opening, each beam to be 2 inches thick, and the height of the walj intend¬ 
ed to rest upon the beam being 30 feet? 

The wall contains— 


30 X15 X1^ = 675 cubic feet. 


and as a cubic feet of brick-work weighs about 100 lbs., the weight ot the wall 
will be about 67,500 lbs., and half this weight, or 33,750 lbs., will be the load 
upon one of the beams. Since the breadth is supposed to be given, the 
depth will be found by Rule 2, Art. 134, if 1700 be used as the constant 


divisor, thus— 


= 149 nearly. 




The square root of 149 is 12J nearly, therefore each beam should be 12^ 
» inches deep and 2 inches in thickn«ss. This operation gives the actual strength 
necessary to support the wall; bfit it is usi^ take double *the 'calculated 
weight in practice, to allow for accidents. 

In this manner the strength proper for bressummers, lintels, and the like 
may be determined. 

186. A fiAqproof floor usually formed by placing parallel beams of 
cast-iron across the area in the shortest direction,, and arching between the 

2 c 
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beams as shown by figure 10, plate 4, with brick or other suitable material. 
<lr they may be done by flat plates of iron resting on the ledges, with one or 
two courses of bricks paved upon the iron plates; and when the distance of the 
joists is considerable, the iron plates may be strengthened by ribs on the upper 
side as the floor plates of iron bridges are made. 

When arches are employed, floors of this kind are least expensive when the 
arclies arc of considerable span, but then it is necessary to provide against tlu*. 
lateral thrust of the arches by tie bars. Also since the arches ought to be flat, 
we can only extend them to a limited span, otherwise they would be too weak 
to answer the purpose. For instance when an arch is to rise only.-j-Vth of the 
.span and to be half a brick or 6 inches thick,* the greates^t span that can be 
given to the arch with safety in a floor for ordinary purposes is 5 feet. If the 
arch rise only span, the span must be limited to 4 feet; and if it 

rise only ®f span, it must be limited to 3 feet. , 

Agaui for arches of one brick, or 12 inches, to bear the same load, and the 
rise yV^h of the span, the greatest that can be given with safety is 8 fcet,t 
when the rise is of the span, 7 feet; and when the rise is only -j'yth of the 
span, the greatest span should not exceed 5 feet. 

These limits were calculated from the ordinary strength brick, and on 
the supposition that the load upon the floor will never be greater than 170 lbs.* 
upon a superficial foot, in addition to the weight of the floor itself. If the 
load be greater, the span must bo less, or the rise greater. 

For half brick arches the breadth of the beam c rf, fi,gure 9, should be about 
2 inches; and for 9 inch arches from 2^- to 3 inches. 

Fxample. —It is proposed to form a fire-proof room, but fnjm its situation 
it cannot be vaulted, in the ordinary way on account of the^ strong abutments 
required for cbmmou vaulting, and also common vaulting is objectionable, 
because so much space is lost In a low room.* The shortest direction across the . 
room is IQ feet, and if iron h^ams of 3 inches ^breadth be laid across at 5 feet 
apart, and arched between with 9 inch brick arches, it is required to find the 
depth for the beams? See figure 10, plate 4. 

* Rnd. of CttTT. 6*75 fft*. 
t Bad. of Carr. 10*6 6Nt. 
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The quantity of brick-work resting upon 1 foot in length of joist will be— 

5X*75 3*75 cubic feet. 

and the weight of a cubic foot being nearly 100 lbs., the weight of the brick¬ 
work will be' 375 lbs. 

But since the space above is to be used; and the greatest probable extra¬ 
neous weight that will bo in the room will arise from its being tilled with people, 
we may take that weight at 120 lbs, per superficial foot, and we have 

5x120-600 lbs. 

for the weight on 1 foot in length. And supposing the paving and iron to be 
350 lbs. for each foot in length; the whole load on a foot in length, will be— 

375-|-600L-|l350 = 1235 Ibjv or 

12x1325=: 15,900 lbs. 

the whole weight upon one joist. And as half this weight multiplied by the 
length, and divided by the breadth and constant number,'* is equal to the square 
of the depth, we have 

7950^2 _ 
ii76X a 

of which the square root is nearly 7 inches the depth required, and 

7 X ■7=^*9 inches 
the depth of the middle part, and 

3X-4=1*2 

the breadth of the middle part. 

By fixing the breadth, you avoid the risk of calculating for a thinner beam 
than is sufficient to support firmly the abutting course of bricks. 

By means of ttiis example we may easily form a si^l.table of the depth 
of beams for fire-proof floors, which* will be often useful in so doiftg. I shall not 
t regard the difference between th^.v^ight of a’12 inch and a 6 inch floor, 
because the lighter floor will be nAre liable to accidents from percusKon, and 
therefore should have excess of stren^h. 


* Determined from a Bnle, witL Algebraical formnla attached, for finding the depth of a l^eam to 
resist a giren foree wfcoo the strain d<^ not exceed the elaitio force of coat-iren. » Tredgold on 
Caat-iroD,” p. 181. * . . , • * 


ft 
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1^7. Tabic of cast-iron joists for fire-proof floors when the extraneous 
load is not greater than 12(f lbs. on a superficial foot. 


• 

Lrn{;Ui of 
Joists iu Feot. 

Half brick arches, breadth of beams 2 inches. 

* 

12 inch arches, breadth of beams S inches. 





? Feet Span. 

8 Fuel Span. 


I)«!])th in 


Pepth in 


Depth ill 

Depth in 


inches. 


inches. 


inches. 

inches. 

8 


5i ' 

53. 

53 

• 5| 

6 

10 


• 63 

7 * 

C3 

73 

73 

12 

63 

. 

83 

73 

83 

9 

14 

73 

9 

10 

93 

• 10 

103 

16 

9 ■ 

103 

113 

103 

113 

12 

\h 

10 

113 

123 

113 

13 

133 

20 

lU 

13 

14 

13 

143 

15 

4 

22 

121 

143 

153 

143 

153 

163 

24 

. 133 

15i 

17 

• 

153 

17 

18' 


For half brick arches the breadth a (figure 9, plate 4,) is to be 2 inches, 
and the thickness of the middle part -^^ffths of an inch, the depth of being yV^hs 
of the whole depth, and the whole depth is given in inches in the table for each 
length and span. » 

For 12 inuh arches the breadth a by (figure 9,) is to b*e 3 inches, and the 
breadth of. the middle part l*inch and The depth fhe whoh*, 

depth, as. in the (> inch arches. 

If the floor be for a room of’greater fepan than about 16 feet, let the beams 
be put H feet apart; and put the beams for 8 feet bearing acrosa at right angles 
to the other, in the manner of binding Joists, and arch* between the shorter 
beams. By casting the shorter beams with flapehes at the.onds, they can be 
bolted Jo the other, and a complete firm floor be* made.*. This method has also 
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the advantage of rendering it extremely easy to fix either a wooden floor or 
a ccUing. 

The construction of these floors renders a place secure from fire without 
loss of space, and with very little extra expense; it may be of infinite use 
in the preservation of deeds, libraries, and indeed of every other species of pro¬ 
perty. In a public museum, devoted to the collection and preservation of the 
scattered fragments of liferature and art, it is extremely desirable that they 
should be guarded against tire; otherwise they may be involved in one common 
ruin, more dreadfiil to contemplate than their widest dispersion. 
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CHAPTER VI. 


TIMBER. 


NATtniE ANB PROrERTIES. 

1.38. *Tiie structure ol wood, ana tne nature of tlie vessels throudt wliich 
the fluids move in the living plant, are not thoroughly understood: indeed tlie 
study of vegetable anatomy is attended with considerable diificulticjs > but some 
important facts have been ascertained which contribute matcriallv towards a 
more perfect knowledge of the nature and properties of wood. 

Wood appears to be composed of various vessels, which 19 the living tree 
convey the fluids necessary to its growth; between those vessels there are cells 
intcirposed. The vessels in the growing tree are intended to convey a watery 
fluid called the sap, from the roots to the leaves, when it arrives at the leaves 
it undergoes certain changes, and returns through the bark; and the bark being 
expanded by this accession of moisture, rises from the wood, and leaves a cavity 
that becomes filled with the proper aap, which gradually hfti^ena and forma a 
new layer of wood. 

The ^ap which rises through the wood from the roots, is very different in 
its nature from that which descends through the bark to form a new layer of 
wood. That which ascends is neariy as liquid as water, and is Qalled the com¬ 
mon sap. It has in general a sweetish taste, and containslsugar and mucilage; 
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it always contains an acid, sometimes in a free state^ sometimes confined with 
lime or potash, yrhen tins sap is left to itself, it soon ferments and becomes 
sourj and when the proportion of sugar is considerable, it will undergo the 
vinous fermentation. The descending sap called the proper sap, diflEers* so 
considerably in different trees, and is so difficult to procure in a separate 
state, that its properties have not been much examined. , 

That part of the wood next the bark is called sap-wood, because it is 
through it chiefly that tlio sap ascends, and os it is shown to contain some 
vegetable matter to be expanded in forming leaves and buds, it is reasonable to 
suppose that the sap-wood must be more prone to decay than the internal part 
of the tree, called tjio hcart-^Yood. 

As trees increase in size, the *)ldest part of the sap-wood gradually loses 
all vegetable life, and the more fluid parts of it are cither absorbed by the new 
forming sa])-wft(l, pr ('vaporated; its vessels and cells become closed by the 
])reHsure of the new forming wood, and it ceascs^to perform any other part in 
the g^o^vth of a tree than to support it. When these changes have takQix place, 
it is found to be more compact, and generally of a darker color; and also con¬ 
tains only a small proportion of vegetable matter. It is then heart-wood, or 
wood^in its most perfect state. The sap-wood is softer and generally lighter 
colored than the heart-wood, and contains u considerable portion of vegetable 
iiiatUa*, which p^takes of the nature of the sap, and which ascends through it. 
It is found to decay rapidly, and is also very subject to worms. The reason is 
obvious, for it contains the food which they live upon, the most of which is 
absorbed or evaporated from the heart-wood- 

FELLING. 

139. To the timber-grower tj>e object aimed'at should be that of obtain¬ 
ing the largest quantity of hard arA durable T^ood,.a3 free from aa^as possible: 
no tree should be severed firom its stool until it has arrived at a state of 
maturity, and previous to its being ^thrown down, the natural juices which 
pervade it should be discharged and allowed to run out, that the ^woo^ m^^ be 
freed from what Would bring al^out premature decay, and prevedt its becoming 
dry and hard. 
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Barring” the tree whilst in a growing state, and cutting through the sa^ 
or sap-wood called ‘‘ Hinging,” so as to allow the juices to he discharged, are 
practices of high antiquity, and might bo advantageously practised in India. 
Both the density and the strength of timber are much improved by causing the 
tree to die standing: and most persons have agreed that barking the timber, 
previous to felling, greatly improves its quality. When a tree has an incision 
xuade through the sap-wood at its trunk, it soon dies and no further change 
takes place; and the barking of trees, when in full growth and vigour, and 
letting them stand a twelvpmonth after the operation, is admitted not only Ui 
improve the quality but to increase the quantity; at the same time that it 
seasons the wood: time however. Is the best scasoner, and no artificial method 
can equal the natural proedbs, which is that *of getting rid of all juices in so 
regular a manner, that dissipating them does not too rapidly slmnk and crack 
the timber. Trees may be suffered to stand too long before.they are cut down; 
but this is not a usual fault, for often they are marked for felling, the heart- 
wood net having either acquired its hardness or its full quantity. 

All timber in India is felled during the cold weather, though in the ease 
of Saul, which is an evergreen, its bark will peel as freely from u ttee felled in 
June, as from onp cut in December. 

The Natives have a bad practice of*fellihg with the axe, whereas the saw 
.should be Uised instead. 

SEASONING. 

140. •Nothing more effectually contributes to this purpose than suffering 
timber to lie for a timo in fresh water; thus the natural juices of the tree are 
removed by t^e water penetrating throughout its pores v this not containing 
any quality to produce fermentation, and £eing afterwards easily evapo^ted, 
tends to improve it for building purposes: '^alt-water, on*the contrary, would* 
require a ccftsiderable time fb evaporate from the wood, in consequence of its 
deliquescence, and would render it unfit for use : when taken out of the water, 
it should be suffered to become thorough^ dry before it i^ carried to the pit tb 
be sawn; •the usual method adopted is to block it up from the ground, and suffer 
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a free circulation of air around it. When the tr^e is cut into scantlings, a 
further seasoning* should he permitted by a free exposure to air, guarding 
against too violent an effect of wind or the sun’s rays, and if it he cut into 
boards, they should be piled one on the other, with fillets or small pieces of 
wood between them, or laid in a triangular form, with their ends alternating 
80 as to permit the air t(? pass freely about them. ■ 

Gradual drying should always be resorted to, as it invariably produces the 
most durable timber, the object of seasoning being chiefly to drive off the water, 
and not to disturb any portion of the carbon, which would certainly be the 
consequence of elevating the temperature of the wood, or exposing it to great 
heat. Timber dried too quickly lo^s its toughness as well as its pliability; the 
outer pores become rapidly contrtictcd, and do no*t permit the moisture from 
within to pass off freely. 

Exj>erinient has proved that said when seasoned properly, has lost rather 
more tlian two-fifths of its weight, showing the necessity bf allowing a sufficient 
time for the jui(!cs to be thoroughly driven off, which time must vary iu profior- 
tion to the scantling of tlie timber, if cut into thin planks, the operation of 
seasoning ^ould be j>erfectcd in quicker time than that which would l>e neces¬ 
sary dor the eiitiro tree. All timber should be permitted to arrive at this dry 
state before it is cut into smaller scantlings or plonks; great shrinking being the 
consequence oftHeir suddenly drying by exposure to the air, which, by disturb¬ 
ing the fibres of the wood, affect its durability. 

Where posts or piles are to bo driven or plunged into the earth, it has 
boon from the earliest time customary to char the surface to be placed under 
ground: but to apply this practice to green timber is injurious, as it confines 
within, rather thap^ expels these juices, which by fermenting c^use its decay; 
it may be serviceable in destroying* any fungi or wprms that may attach them- 
. selves, or prevent their preying upJn the -fibres of the wood. 

141. Timber, when properly se^oned, ip strong, tough and elastic; hut 
it does not long retain those properties in any state or situation. Timber is 
generally employed in situations wh^ it is continually dry, where it is con¬ 
stantly wet, where it is alternately wet and dry, or where it is exposed to. heat 
and continued mdisture. Timber that is constantly dry, or affected only by 
the small quantity of mbisture it absorbs from the air in damp‘weatKer’ has 
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been knowTk.to last for sftVPH or eight hundred years; but even in this state, 
time produces a sensible alteration in its properties; for it is -found to lose its 
elas;tic and coherent powers gradually, and to becoiixe brittle. Hence it is unfit 
to sustain the action of variable loads, though in a state of rest it may endure 
an immense length of time. 

The well-seasoned timber employed by the earpentyjrs of the middle ages, 
in the old English luiUs particularly, as well as in Churches and Chapter-houses, 
needed neither paint nor dressing of any kind to pn^ser *(; them; and in many 
instances they arc found rfiound after four of five centuries. Tlic wcath(*r- 
boarding of <»ur English barns, which, in many instances, is of undressed elm 
timber, owes its duration to a hard external, surface, which il acquires by time, 
and ^vIlich resists almost the edge of a sharp tool, or the point of a nail, appa¬ 
rently a coating of silica, quite impervious to water, or even the action of 
moisture; this silica may be derived from the decomposition of the wheat-straw 
with which the barns dre usually thatched. 

142*. When the Engineer or the carpenter selects timber for the purposes 
of construction, due regard must be paid to its firmness, density and strength, 
without which qualities no solid or durable works can be executed. *The great 
weight with which timber is sometimes loaded, placed vertically or horizontally, 
shows at once the caution which should be used in its selection, and when it 
i>. exposed i() the action of the air, the necessity of having it so seasoned and 
protected, that it should not be subject to decay. When employed in the forma¬ 
tion of centres to the arcli of a bridge, durability^ for a time only is required, 
but in permanent roofs and floors it should be caj)ttblc of resisting all efforts 
which may destroy its utility or strength; its warping and shrinking in edifices 
entirely formed of*it lead sometimes to the greatest inconveniences, as the 
strength of a truss may be entirely destroyed by this cause. 

143. Quicklime, when assisted by mois^re, has a nowprful effect inliasten- 
ing the decomposition of wood, in,consequence of its abstracting carbon. Mild 
lime (carbonate of lime) has not this effect; but mortar requires a considerable 
time to bring it to the state of mild lime therefore, bedding timber in mortar, 
or building it in walls where it will long remain in a damp state in contact with 
mortar, is very injurious, and often the cause of rapid detay. Wood, in a 
perfectly dry istate docs not appear to be injured by dry lime; of this we have 
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examples in plastering laths, which are generally found sound and good in 
places where they.have been dry. Lime also protects wood from worms. 

Warmth and moisture nre the most active causes of decay, and provided 
the necessary degree of moistixrc he present, the higher the heat the more rapid 
is its progress. In warm cellars, or in any close confiiied situations where the 
air is tilled with vapour without a current to change it, the rot proceeds Ayith 
astonishing rapidity, and the tiuibcr-work is destroyed in a very short time. 
The bread-rooms of shi])s, behind skirtings and under the wooden floors, or the 
basement stories of houses; and in general, in every place whore wood is expos¬ 
ed to waiinth and damp air, the dry rot will soon make its appearance. 

144. Ihiildiog timber into ucw walls is often a cause of »lccay, as the UD*e 
and damp brick-woi'k arc {ictivo agents in produciiig putrefaction, particularly 
where interior brick-dust is used instead of sand for mortar. 

The bad efloe-ts resulting from damp walls is still farther increased by hjisty 
iinisUinir. To enclose with plastering and joiner's work the walls and timbers 
while ihey ai*o in a damp state, is the most certain means of causing the build¬ 
ing to full into a premature state; of decay. 

14;'). ‘ There is another cause that alFccts all wood nio.st materially, which 
is tV a})plicatioii of paint, tar or pitch, before the wood has been thoroughly 
dri(;d. The nature of these bodies provents all evaporation,* and coniines the 
internal moisture, which is the cause of sudden decay.* 

rUESERVATION FROM DECAY AND INSECTS. 

140. Various have been the processes resorted to during the last few 
years for preventing decay in timber and with various degrees of success, 
the foUowi.ig arc? ’amongst the most prominent, but wJiatevfr the artifleial 
mode of proceeding may be by which the Ei^ineer or Architect seeks to 
* preserve his timber fro r rot oy^in^ect, he should first take ^re that it is 
seasoned naturally, Avhich is, that the natural Juices of the tree no longer 
exist in the pores; thus attempts preservation^ should ever succeed seasoning. 

147. Mr. Kyan in 1832, introduced the process of preserving timber from 
decay by a aolutipn of corrosive sublimate of mercury, and the^ wood of •ships’ 

Tredgold, p. 201. * 
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roofs, floors^ railway-sleepers and various other works, have been subjected to 
kyanization. At first the timber was subjected to saturation .only, a consider¬ 
able time having been allowed to allow of the solution thoroughly entering the 
pores, ])ut latterly it was the custom to pile it inside iron tanks, the air being 
exhausted by a pump to a vacuum of 25J inches of mercury, the solution was 
then admitted, and forced into the wood by a force pump at a pressure of 100 lbs. 
The solution used for the saturation contained 224 lbs. of the sublimate to 1,0^ 
gallons of water or about 1 lb. to 5 gallons, the strength of which was said not 
to diminish by use. 

148. There were objections to the kyanizLng process, which of late years 
have thrown it out of use save partial application to timber having continuous 
bearing and not subjected 'to strains, such as railway-sleepers. It was found 
that the mercuiy considerably impaired the elasticity of the fibres of the wood, 
wliilst it increased its hardness, it was besides often prcjudiciial to the health of 
those who dabbled much in thq solution, and it was also found to be soluble in 
salt watpr which prevented its further use in the Navy. This process was 
succeeded in 1841 by Sir Wra. Burnett’s, which was chloride of zinc, and is 
decidedly superior in every way both for the preservation of timbbr, canvas, 
rope, and all articles likely to be attacked by ants or other insects. Tlie ihode 
of application is the same as that for Kyau’s solution, but tlie simple saturation 
does not take so long, 30 days sufficing for the zinc to penetrate a scantling 
10^X8''. The liquid from the Galvanic batteries used at the Mint in Calcutta, 
was employed with success in Fort William in saturating timber, canvas, 
bamboos, &c., laid in iron tanks; it is besides an economicjvl preparation. 

Timber of various^ scantling and bamboos that were immersed in chloride 
of zinc in June and July 1846, were examined in 1852, and^found quite sound 
from rot or wlAte-ant, though piled up in an open shed where the white-ant 
abounds and exposed to alternate heat moisture. Qnc piece had been , 
buried in'a fdngus pit for ^ve years, and was quite sound. So also were 
bamboos, which under ordinary circumstances, decay, or are eaten by the worm 
ill two years. 

141). The use of the solution of the sulphate of copper as a preservative 
of wood from decay, was patented by Mr. Marga;y, in the yeaV 1837, it is men¬ 
tioned liowcvyr, by Bramjo in his Manual of Chemistry, 4th edjtion, 1836, 
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(possibly ill earlier editions); also as a preventive against dry rot, aijd is said fx> 
be one of the most.efficacious and cheapest re-agents for the prevention of decay 
in wood, and to be moreover a destructive poison to insects. 

For impregnating wood with the solution of the sulphate of copper, a large 
woodeillttrougU should be prejiared about 35 fee^long X 3 feet square, and 
should be cefvered when in use to prevent evaporation: great can; will be neces¬ 
sary that no iron shall appear inside the trough as this would cause a deposition 
of metallic copper, but to secure a water-tight condition of the trough, it may be 
strapped with iron outside and well caulked: for stepping small scantlings and 
bamboos, the troughs may be made shorter. 

The process of preserving with^sulphate of copper consists in steeping tlie 
substances to be preserved in a solution of the fotlowing strf*ngth,—sulphate 
of copper 1 lb. to 7 gallons of water, leaving them in it till thoroughly saturated. 
For this purpose aljow two days for every inch of thickness of the timb<T. 

From a variety of experiments, it appear^ that 50*cubic feet absorb 24 
gallons of the solution, from these data the sulphate being from rupees 40 to 13 
per maund, the cost of the preparation of timber can be calculated. 

The sulphate of copper appears to be a more convenient rc-active than any, 
except the chloride of zinc. It forms an insoluble compound in the wood 
and is neither deliquescent nor exiKjnsive. As this salt is not volatile the 
health of the workmen is not endangered. It is not acid like the sulphate of 
the protoxide of iron and therefore does not attack the fibres of tho’wood. 

150. The preservation of timber by creosote or distillation of coal tar, 
lias lately been successfully carried out; it was the plan originally adopted by Mr. 
Bethel. When injected into wood, the creosote coagulates the albumen and 
prevents putrefactive decomposition^ the bituminous oil enters the whole of the 
capillary tubes, encasing the woody* fibre as with a shield and closing all the 
apores against both aif aud water. oil is insofublc in watei* and unafieefed 

by any atmospheric cliange. 

Inferior timlier even, or timber' cut too young, is by the injection of 
creosote rendered durable and useful. It i% a great preservative also against 
the teredo worm. 

One process injection is^preciscly the same as that for the corrosive sub¬ 
limate, viz,, by exhaustion of air from the Unks till a vacuum equal to 12 to 
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15 lbs. per square inch is created, then follows the injection by a force pump. 
The timber requires to be well and perfectly dry, as the creosote will not enter 
the pores if moisture exists. In consequence of which Mr. liethel constructed 
a drying house for the purpose of more thoroughly getting rid of all moisture. 
(Figures 1, 2, plate 5,) show the longitudinal and cross sections. A 4|dry^’^ff 
house with liollow walla filled with ashes, £ fire place, C C flu<f, the whole 
length of building covered with iron plates perforated for half the length 
furthest from the fire, to allow the products of combustion to pjias through the 
timber on its way to the c^^imncy; I) carriages for holding the timber that 
is to be creosoted, running on a rail to facilitate the charging and discliarging; 
£ iron doors closing the end of the house. 

The timber is thus nOt only dried rapidly, but impregnated to a certain 
extent with the volatile oily matter given out from the fuel used to heat the 
house. When the timber is taken out, it is at once immerijed in hot creosote 
in an open tank, thus avoiding the use of engine, air, or force-pump. The 
above drying process might be advantageously adopted before applying either 
chloride of zinc or sulphate of copper; aud is by no means expensive compared 
with the benefit derived. 

The pieces of timber should be weighed before immersion, and after, as 
each cubic foot is required to be increased 10 lbs. by the process of creosoting. 

When timber is exposed to the alternate action of dryness and moisture, 
the best metfns of securing it from moisture is the protection of the surface by 
a coat of some substance that moisture will not penetrate. 

151. The Dutch for the preservation of their gates, draw-bridges, sluices, 
and other large works qf timber, which are exposed to the sun and perpetual 
injuries of the weather, coat them with a mixture of pitch and tar, upon which 
they strew small pieces of cockle ai|||^thcr shells, beaten almost to powder, and 
mingled with sea-sand, or the scB^ ii»n beaten smjill and sifted, which, 
protects them* in a most excollent iraBncr. ' . 

Upon common priming, sanding is.an excellent practice, where it is exposed 
to the weather, being mucli more durable than paintin", as it forms a coat of 
silLc^^ inqjcrvioua to moisture. 

152. Th5re is another method of protecting timber, which appears to he 
so w?jU* calculated for the^mrpbse, that in cases where'it can be applied a better 
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cannot be employed. After your work is put together, lay it on,the ground 
with stone or bricks under it to about a foot high, and burn wood (which is the 
best firing for that purpose) under it till you thoroughly heat, and even scorch 
it all over; then whilst the wood is hot, rub it over plentifully with linseed oil 
and tar, in equal parts, well boiled together, and let it be kept boiling whilst 
you arc using it; and this will immediately strike and sink (if the wood be 
tolerably seasoned) one inch or more into the wood, close all the pores, and make 
it become exceedingly Imrd and durable, either under or over water.* 

No composition should however l>c applied till,the timber has been well 
seasoned; for to inclose the natural juices of the wood is to render its rapid 
decay certain. , 

153. The bottoms of ships and timbers exposed to the action of the sea, 
are often destroyed by the pipe-worm or “ teredo navalis” of naturalists. This 
creature is very small when first produced from the egg, but soon acquires a 
considerable size, being often three or four iuclics in length, and sometimes 
increases to a foot or more in length. Its head is provided with a hard calca¬ 
reous substance, which performs the office of an augur, and enables it to 
penetrate the hardest woods. When a piece of wood constantly under water, 
is ocjcupied by these worms, there is no sign of damage to be seen on the 
aurfa(;e, nor are the worms visible till* the outer part of the wood is broken 
or cut away; yet they lie so near the surface as to have an easy communica¬ 
tion with the water by a multitude of minute perforations. They were 
originally brbught from India to Europe. A mixture of lime, sulphur 
and colocynth, with pitch, is found to be a protection to boards and the like, 
and rubbing the wood with poisonous ointments is ,a meaps of destroying 
these worms.f 

154. The “Lepisma” is also a destructive ^little animal which begins to 
I prey on wood in Indja, as soon .as is immersed in sea water. The unprotected 

bottom of a boat has been known*to be eaten through by it in*thrdte or .fqur 
weeks: sheathing with copper or covering wth felt, are the most certain' means 
of protection against all these marine^ animals. 


Ton\plc on building in water, p. 85. 
Ruei's C^vlopiedia, Art. “ Teredo." 
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155. poal-tar is also a^good protection against their depredations. •The 
pores of the wood should be satur.ated as far as possible with it, ancT perhaps 
corrosive sublimate might bo used with advantage, by saturating the woml 
with a solution of it, and letting it dry before the tar be laid on. 

156. The termite or white-ant is represented by Linnosus, is the greatest 
calamity of both Indies, because of the havoc they make in all buildings of 
wood, in utensils, and in furniture; nothing but metal or stone can escape their 
destructive jaws. They frequently construct nests within the roofs and other 
parts of houses, which they destroy if not speedily extirpated. The larger 
species enter under the foundations of houses, making their way through the 
floors, and up the posts of buildings, destroying all before thgm. And so litth^ 
is seen of their operations, that a well-painted# building is sometimes found to 
btf a mere shell. 

Corrosive sublimate is highly poisonous to these ants; therefore, to ifu]>reg- 
nate the timber with a solutioi^, of it, would prevent their ravages.* Arsenic 
is also very destnictivc to them ; and they do not destroy wood impregnated 
with oil, particularly essential oils. The chloride of zinc is, as has been shown 
(para. 148), the most certain method of preventing their attack. 

NATURE AND PROPERTIES OF TIMBER. 

157. fThe only properties of wood which seem to require explanation arc 
the cohesive force, the modulus of elasticity, permanent alteration, the stiff¬ 
ness, the hardness, and the toughness. 

The cohesive forca of a bar or beam is equal to the power or weight that 
would pull it asunder in the direction of its length. The, weight that would 
pull asunder a bar of an inch.square of different kinds of wood, has been ascer¬ 
tained by careful experiments. 

^ # 

• 158. The modulus of cfesticity is th^ measure of the clastic force of any 
substance. As it is the measure of the elastic foz*cc, its use must be evident 


* Gurroei#'c Aabiimatc ia not to be applied to timber eapotwd to an/ kind of tvusllu strain iur tbu 
reason given in (puro! 1-ls.) 


t Xredgold. 
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when it is^considercd that it is only the elastic force*of timber that is employed 
in resisting the usual strains in carpentry.* 

By means of tho modulus of elasticity the comparative stiffness of bodies 
can be ascertained. For instance, its weight for cast-iron is 18,240,000 pounds, 
and its weight for oak is 1,714,500 pounds. Hence it appears that the modulus 
for cast-iron is 10*6 timcil that of oak, and therefore a piece of cast-iron is 10‘C 
times as stiff as a piece of oak of the same dimensions and bearing. 

159., Permanent alteration of structure takes place when a certain degree 
of strain continues for .above a certain time, and as*thi8 alteration is a partial 
fracture, or at least failure of the material, it is of the greatest importance that 
the strain should never be more ,than that producing such alteration, and in 
timber, this appears to be about one-fifth of the cohesive force. 

160. A hard body is that which yields least to any stroke or impressive 
force, and it may \)e shown, by .the principles of mechjmics, that in uniform 
bodies the degrtys of yielding is always proportional to the weighty of the 
modulus of elasticity; therefore a table containing the weights of the modulus 
of elasticity.of such bodies shows also their relative hardness and stiffness. 

As the hardness follows the same laws as the stiffness, cast-iron is 10*6 
times as hard os oak. But it is nccessa^ to inform the student that when the 
substance is not uniform, the hardness thus found is that of the hardest part. 
Thus in fir, it is the darker part of the annual ring that is the hardest, and 
which determines the extent to which a beam will bend witliout fracture. 
Dry wood is harder than green, consequently it is more difficult to work. The 
labour of sawing dry Teak is to that of sawing green os 4 is to 3 nearly. 

161. In respect to the toughness of woods, that woocf is the toughest which 

combines the greatelP degree of strepjgth and flexibility; hence that wood which 
bears the greatest load, and bends theyiost at the time' of fracture, is the toughest. 
’ 162. The opposite to hardness is softness, the opposite to toughness is 

brittleness, and the opposite to stiffness .is flexibility; therefore when the hard¬ 
ness, toughness, or stiflEhess, of a wood is expressed by a low number, it may be 
considered to have the* opposite quality. 


* Tredgold in his roles foT stiffncsn of timber employs eSnsUnt^ numbers deduct from'e^qteri- 
meats, one of the elements of which is the “modulus of elasticity.”—Pn». Carp4iUry, Art. 369. 
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X^fiSdUFriON OF WOODS. 


Saul (Shorea Robiuta). 


163. The tree from which this useful timber is obtained is found grow¬ 
ing in extensive forests to the Northward of the Ganges lines, between the 25th 
and 31st degrees of North* latitude, and 77® and 88" of East longitude. 

That procured from the tract lying North of Pumeali and Gorruckpore, is 
incomparably superior in cycry respect to the Saul of the forests Northward of 
Bareilly, with which the markets of the N. W. Provinces arc chiefly supplied. 

The Saul seems to thrive best in a rather dry soil and in uneven ground, 
rising into what mjw ^ termed low hills. That found * growing on a slate- 
coloured loam, is always superior to the produce of the, yellowish sandy 
loam; both of which soils this tree much affects, and on which it thrives 
equally well. , 

164. The height of this tree depends on local circumstances. In a dense 
forest and in favorable soil, it commonly attains a height of sixty feet fo the* 
lower branches, while in more open situations its height varies between thirty 
and fifty; in centre girth, the largest timbers measure from seven to eight feet. 

From much observation it would appear that the Saul reaches maturity in 
about forty years,, at which period it has usually attained a mean girth of six 
feet. At the age of thirty years, it has attained a mean girth of five feet, and 
at fifty ycara, a gi^th of seven feet. 

Nothing ns gained by allowing the trefe to stand afterdt has reached matu¬ 
rity. It certainly continues to increase in girth for a longer or shorter period, 
but its primo is passed, or as it is technicalJy termed, it is* “ on the return.” " 

1G5. On ripping up a saul*log whose centre girth is as much as seven 
feet, it will almost invariably be found, that decay has taken place at the pith 
or core, extending from crown to butt. In fact, it is the most ^central roots, 
which issue from the under surface of the “ collet,” or trunk, that are the first 
to decay, and these dying, leave the parts to "^hich they belonged exposed to 
the damps of the soil. 
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It is found that after all the care that is bestowed on them,* tlic larger 
scantlings of saul suffer greatly in the process of seasoning, from deep splits 
and cracks. 

• 

166. The sap is very volatile, and evaporates quickly on exposure to the 
air from the outer surfaces. But this drying is merely superficial, the interior 
of the piece retaining all* its moisture, which on the first accession of a liigh tem¬ 
perature, causes the internal wood to expand and burst its outer shell, occa¬ 
sioning deep cracks and “ faults." 

Small scantlings of saul suffer little injury in seasoning, as they give out 
the greater portion of their moisture at once and the shrinkage is thus equal 
throughout. * ^ • 

167. Saul is generally straight grained, and free from knots. It is strong 
and clastic when properly seasoned, and well adapted for a variety of purposes, 
especially for building. 

It has been shown above that the saul reaches maturity about the period 
when the mean centre girth of its trunk is six feet. If much matcMal and 
large scannings are required, choose timber of this size in preference to nil 
otlicrs, as they will afford more stuff, and of a superior quality. 

'168. In selecting saul logs, choose tliose whose exterior* surface is smooth 
and comely. They should be straight and free from knots caused by removed 
or decayed branches. 

Examine the section at the ends. If there is any appear¬ 
ance of this sort reject the log at once, it will not pay for 
sawing up. This serious defect is called by the natives a 
“ golah.” It is caused by the separation of two contiguous 
annual layers, and is fatal to produce. 

Sections of the crown and butt having 
* these appearances should likewise i5e avoid- ^ 
ed. It is a very common custom of the • 
dealers to tam^ the hole at b caused by the ^ t)j 

decay of the pith, with a plug, aod this 
they sometimea ^do so ingeniously as to 
escape detection wten tlje log is dry, but if seen^ shortly after tte log is taken 
from the raft, the oozing out of water proclaims the cheat. 
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1G9. fThe timbers of tbe iforth-West Provinces are brought to market in 
their natural shape, with merely the bark removed, but in the* Bengal provinces, 
they are classed as “ chowkers and “ dhowkers,” the former being squared on 
four, ahd the latter on two sides. The chowkers are the largest logs. 

SisBOO, (Dalhergia Sissoo). * 

170. This useful and valuable wood is produced nearly throughout the 
Upper Provinces of India, but the best is procured? from the forests beyond the 
Gograli River, in the territory of the King of Oude, and in Central India near 
the Nerbudda River. 

The Sissoo will thrive on almost any kind of soil. Those on dry sandy 
soils have the quickest growth, but such usually throw out a luxuriant crop of 
branches, while the trunks are short and stunted, and soon become decayed at 
the pith. In such trees also thb sap-wood is always more than proportionally 
abundant. 

A moist clayey soil produces the best Sissoos, especially where, as in a 
dense forest, th(?y are hampered by their close vicinity to each other, for the 
more encumbered«they are by such proximity, and sheltered by the growth of 
other jungle, the better will they be found. In such situations the Sissoo will 
attain a great height, as much as 60 feet to the lower branches, with a centre 
girth of six feet. But this height varies from 15 feet upwards, according to 
local circumstances. 

The forest Sissoo attains the thickness of five feet centre girth in about 35 
years, and a girth of sis feet in about 45 years. It is at maturity about mid¬ 
way between t^cse two ages. Though in dry soils such as^at of the Dooab, 
and in other parts of the open country it would reach this period 10 years 
earlier. 

• • 

• 171. The best season fdr felling Sissoo, is from the latter end of October 
to the end of January. The logs are barked, and the after process of seasoning 
is carried out precisely os described under ^he article “ Saul.” 

SissoQ is a kindly wood to season os it dries with comparatively few splits 
and cracks. During this process it loses about Jth of .its weight, and iV^^h of 
its breadth and thickness. 
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172. The wood when green has a specific-gravity of about l’(\00. 

When seasoned of abou<’0‘750. 

173. The strength of a straight grained bar of Sissoo, free from knots, is 
equal to that of a similar bar of Bencowley Saul, but Sissoo is not generally 
straight grained, and is liable to hidden knots, nevertheless it is a very usclbl 
description of wood, and invaluable for many hnpoi*tant purjjoses. Notlring 
can equal it in this country, for naves and felloes of wheels, and in the Ordnance; 
(Jarriage Department its uses are manifold. Sissoo is excellent for eveuy 
description of joiner’s work,—it is very hard, durable, and takes a good polislj. 
The graining of this wood is frequently very beautiful. It is besides very little 
affected by atmospheric changes 


Teak. (Tcctona Grandis.) 


174. Teak is a native of the mountainous parts ot the Malabar ujid Coro¬ 
mandel Coasts, as well as of Java, Ceylon, the Tenasscrim Prcj^iiiccs and other 
parts of the East Indies. 

Tlie Teak tree is of rapid growth and the trunk grows erect to a vast 
height, with copious spreading branches. 

The wood of the Teak tree is by far the most useful timber in India; it is 
light, easily worked, and though porous, it is strong and durable; it rujuircs 
little 8C&|oning, and shrinks, very little: it affonls tar of good quality and is 
rather of an oily nature, therefore does not injure iron; and is the best wood 
for sliip-timber, housc-carpcntry, or any other work, where strong and durablo 
wood is required. 

Malabar Teak* is esteemed Superior to any other in India, anil is extensively 
used for ship-building at Bombay.^ It grows irf the Teak fort'sts, along the 
western side of the ghaut mountains and the contiguous ridges, where tlie 
numerous streams afford water-carriage for tlic timber. 

175. Tho cohesive force of Teak wood varies from 13,000 to 15,000 
pounds per square fnch; the weight of its modulus of elasticity is 2,167,000 
pounds per squaneinch, according to Mr. Barlow’s experiments^ and’the weight 
of a cubic foot seasoned; varies from 41 to 53 poimds. 

2 H 
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17G. Representing the strength of Oak by 100, that of Teak 


will be.?..... 109 

Stiffness of Oak by 100,. 120 

Toughness of Oak by 100,. 94 


Trom which it appears, that it is much superior to Oak in these properties 
except in toughness, but it is to be remembered that these proportions are 
<lrawn from two or three cxpeiiments on Teak, and most probably these were 
tried on very select specimens; whereas those for Oak are from a mean speci¬ 
men, selected from pieces (jf Oak of various qualities. 


177. Specific gravity dry, . *0(10 

Ditto ditto fresh,... '820 


TOON. 


178. Very nearly resembles a dull coloured specimen of Mahogany, and 
would be us,(fful for any purpose to which such kind of Mahogany is applicable; 
besides having # greater degree of strength and stiffness compared with its 
weight. 

179. The cohesive force of Toon is^froin 10,000 to 14,700 lbs. per square 
inch; the mean weight of the modulus of elasticity for a base of an inch square 
is l,(i89,800 lbs. 

180. The specific gravity, and the relative strength, stiffness, an(bresilient 
power compared with Kiga fir, as 1,000, from Mr. Barlow’.s cxperiftients are 
ns under— 


SpuciBc gravity. 

Strength. 

• 

Stiffness!, 

’ Resilience. ' 

• 

. -^9 

1380 

• 

i2rb' 

1400 * 

Barlow. 


181. The ab<‘ve are the principal woods in use for building purposes in 
India, but there arc many other valuable woods in the fbrests of Bundlccund, 
and tlie Saugor*and Nerbudda Territories, which, by research and energy, might 
bo brought into oneratioru such are— 
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182. Mowa, from Bun<Uecund, reckoned ««xt to Saul, used by the isatives 
for I^eams, door-frames and other purposes, procurable in lengths 
of 16 to 18 feet and scantling 14' x 12". 

Babool.—A valuable wood from its toughness, and applicable to various 
engineering purposes, such as wheels, trenails, &c. 

Kheir or Khyre.—Similar in nature, texture and properties, and even better 
than Babool, found in Bundlecund abundantly. 

Pursudh.—Indian Bose wood, a very fine, hard and extremely heavy wood 
foimd in the Saugor territories, partakes of all the qualities of 
Sissoo. 

Bceja Saul, {Choura, from Bundlecund, and the Iron wood, Tilsur and 
Jarool from Arracan. 

Their qualities might be tested in the same way as have been those of 
Saul and Teak, and their relative values registered. 


OF THE EQUILIDRimi AND PRESSURE OF BEAMS, OR THE 

STABILITY OF POSITION. 


183. It is through a knowledge of the composition and resolution of forces 
alone that the carpenter cam expect to arrive at excellence in the art of designing 
frames of timber, for the purposes of building, for macliines and otlicr uses; as 
without 4his knowledge, it would be impossible for him to understand clearly 
what is to be aimed at in such designs, or even to know •whether a design of 
Ids own would answer its intended purpose or not. 

184. The first step towards obtaining this knowledge, is that of acquiring 
just notions of the ofction of fordes, 

A heavy body always exerts Oyforce equal to* its own weignt, in a vertical 
direction, and would always descend in a vertical^ line, if not prevented from 
following that dirjectioa by some other force, and its force is always tlie same 
as if it were collected in, and acting in, that line. 

But when a hea'^ body W (plale 5, figure 3) is sustained by two beams, 
A C and B C, its effects on these beams depend on their position; the further 
the ends A and B axe set apart, the greater will*be the strains on the. beams, 
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and the coi^rary. Here it is c^ious that the weight resolves itself into two 
forces, one in the direction of each beam. 

185. We may now proceed to explain what is meant by the Composition 
and* Kesolution of forces. 

The resolution of forces consists in finding two or more forces, which, acting 
in any different directions, shall balance or have the same effect as any given single 
three. Thus the weight IV (figure 3 ) might be sustained by a vertical force in the 
direction C c equal to the weight ; and this veitical force, it is obvious, may be 
resolved into two forces in the directions of the beams, that would produce 
exactly the same effect as the vertical force C c. 

18G. TJic composition of forces consists in finding ope force that shall 
Ijroduce the same effect as <wo or more forecs acting in different directions. 
Tliis is nothing more than the reverse of the resolution of forces, and may be 
accomplished in a similar manner. , 

If a vertical line Cc (figure 3) be drawn through the centre of the 
weight, tmd a c be drawn parallel to the beam A C, also b c parallel to SC; 
then the relation between the weight and the pressures will be found by the 
following propomons :— 

As the line C c 
Is to the line C h 
' So is the weight VP. 

To the pressure in the direction of the beam A C. 

Also, as the line C c 
Is to the line C a 
So is the weight W 

To the pressure in the direction of the beam C B. 

To those who ftre acquainted with the principle’s of mechanics, the truth of the 
principle from which these proportions are c^rived, requires no illustration; but, 
such as have not had the advantage of that branch of learning, may, by having 
recourse to the following simple experiment, not only satisfy, themselves of its 
tnith, but also render themselves more familiar with the nature ^f forces. 

187. Let a thread or fine line be passed over the pulleys B and C (figure 
4) and let* a known weight be attached to each end of the .line, as at 5 and c ; 
also let* another thread be knotted to the first one at atty point A^ and attach a 
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known weight to the end W. Then if the sum of the weights’ 6 and c be 
greater than the* single weight there is a certain position in which the 
assemblage will bo at rest; and if it be deranged by pulling at any of the 
weights, it will return of itself to the same position when left at liberty. 
Therefore in that position, and in that position only, the weights will balance 
one another, or be in equilibrio. Now if the positions of the threads, when the 
weights balance each other, were drawn upon paper, and from a scale of 
equal parts, A F were made equal to the number of pounds in the weight W, 
and the line B A were continued to and the line FE drawn parallel to A C, 
then FE measured by the same scale of equal parts would show the number ol 
pounds’ weights of the body c ; also the measure of the line A E would be 
:*qual to the number of pounds’ wdight in the body b. 

If the three weights be equal, then the three lines A F, FE and A E will 
be equal, and the angles formed by the threads round the knot will be equal. 

And universally, whenever the directions of three forces arc in the same 
plane, and meet in a point, and are in equilibrio, those forces will be represented 
n magnitude by the three sides of a triangle drawn parallel to’fhe directions of 
the forces. 

Consequently if a body be kept at rest by the forces, and? any two of them 
oe represented in magnitude and direction by two sides of a triangle, the third 
side taken in order will represent the magnitude and direction of the other force. 

188. Also, because the sides of triangles are as the sines of the opposite 
ingles, it follows, that when three forces keep a body in equilibrio, each force is 
proportional to the sine of the angle made by the directions of the other two. 
Thus the weight fV (figure 4) is to the weight b, as-the sine of the angle 

A FE^ ^c. ., , • , 

It may however be observed, tliat the designs •of framing are drawn on 
paper to a scale ; hence the proportfons of the forces may always bo obtained 
Immediately from the figure without th® trouble of calculation, and the values 
jf the forces so obtained, will he accurate enough for any practical purpose. 

189. Agaih considering the combination of forces in (%ure 3). let the 
vertical line C c be dra^vn, and by a scale of equal parts make Cc equal to* the 
number of pouBd8,*ltundred-weight8, or tons contained in the weight W» Thei* 
draw c h parallel to B C Und c a parallel to A C, and» C measured from the 

2 I 
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same scale,* will show the •number of pounds, hundred-weights, or tons, by 
which the beam is strained j and, in .like manner, C a will be the measure 
of the strain on the beam in poun^, hundred-weights, or tons. The 
pressure is not altered by making the beams longer or shorter, so long as their 
|K)8ition3 remain the same ; but the power of a beam to resist pressure is much 
lessened by increasing its length. 

OF THE EFFECT OF POSITION. 

190. If the position *of the beam CB (figure 3) were changed to that 
shown by the dotted lines C the magnitude of the strain would be prodi¬ 
giously increased on both bciams. By drawing lines parallel to the beams in 
this position, expressing the weight by the line Cc the same as before, the 
pressure on the beam in the position C E will now be measured by the line C d 
instead of C o, being pbviously much increased ; while the strain on tlie beam 
C A wll be nearly doubled, being represented by the line Ce. 

Hence it a^ears that enormous strains may be produced by a coiniiara- 
tively small weight, merely by altering the position of the supjjorts. Tlic 
student will do well to consider these changes with attention, and to draw 
figures in different positions, estimating the pressures according to each position, 
which tvill render his mind familiar with the subject, and enable him in prac¬ 
tice, to form accurate notions of the magnitudes of pressures, without the 
labour of calculation. 

• 

TO MEASURE THE STRAINS IN A FRAMED TRUSS. 

191. If, instead of placing the weight 09 the point vhere the beams meet, 
the beams were framed into/i piece of timber, C E (figure 5,) and the weight 
W 6 uspende 4 at E^ the pressures would stIU be promulgated in the same manne» 
abd would be found by the Ssamomeans;.that is, if Cc represent the weight, 
Ch. will be the pressure in the direction of the beam CA^ ®nd Co the pressure 
in the direction of the beam C B. 

* In tins case CE performs the office of the king-post in a roof. 

.,192. Hitherto the ends of the beams, maifeed.^ and .ffm (figures 3 and 5) 
have ^en edn^idered to *be supported by ea inunovbable obstacle, but when 



there are no such obstacles, they obviously hawb4i tendency to spread, therefore 
they might be c^mected by a rope, a rod of iron, or another beam, which 
would answer a purpose nearly similar to the tie-beam of a roof. 

Let (figure 6) represent an assemblage of this kind, where A B is the tio 
to prevent the lower ends of the beams A C and CB from spreading. This 
form is similar to the truss of a roof. 

The strain on the tie A B may be found by drawing b f parallel to the ti(^ 
A B^ then, li Cb represent the pounds or tons with which A C is pressed, b f 
measured from the same scale of equal parts, will be equal to the strain in tlu^ 
direction of the length of the beam or tie A Bin pounds or tons: and the 
equal and opposite strain at B will be measured by e a. 

If the load, and therefore the Idng-post, be in the middle*of the span, tin; 
pressures on the walls will be equal; but when out of the middle the pressures 
will be unequal, a^d the point /divides the line C c into two parts whicli aro 
proportional to the pressures; Cf being the pressure or\ the wall at A^ and fr 
or Ce the pressure on it at B^ when Cc is the whole weight. 

OF FRAMED LEVERS. 

193. Let (figure 6, plate 5) be inverted, and supported at C, as repre¬ 
sented in (figure 7,) and a weight hung at each end, so as to balance one another; 
then the proportion of the strains would remain precisely the same: and it 
shows how a powerful lever may be framed, and also makes us acquainted with 
the nature of the strains produced in a solid beam, when it'perfonns the otfico. 
of a lever. The tie .4 ^ is in a state of tension, thq beams A C and B C firci 
compressed: in a sglid beam the ^ame thing takes place; the side next the. 
support is always compressed, ahi the oppositQ ^ide is always in a state ol' 
tension. 


TO DISTINOUISH TIES FROM STRUTS. 


194. . It is^tcessaiy, in .designing tlie construction, as well as in estimat¬ 
ing the strength of fiamingi that we should bd ablp to distinguish the* struts 
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from the ties; that is, to asce»4am which of the beams are compressed, and 
which of them are stretched j for ties must be either contiouous or connected 
by straps, but struts may be in short lengths. By attending to the following 
considerations, this may be easily determined. 

195. Let a parallelogram be constructed on the direction of the straining 
force ns a diagonal, the sides of the parallelogram bein^ parallel to the sustain¬ 
ing forces; then let the other diagonal of the parallelogram be drawn, iind 
j)arallel to it draw a line through the point where the directions of the forces 
meet. Consider towards which side of this line the straining force would move 
if left at liberty, and all supports on that side will be in a state of compression, 
and all those on the other side will be in a state of tension. , 

196. The same thing would be true of a plane passing through the point 
where the forces meet, when three or more forces meet that are not in the 
same plane, but such cases arc of rare occurrence; therefore, I shall only 
consider the examples in (figures 5 and 8, plate 5,) which will enable the stu¬ 
dent to apply the method to all cases where tlie sustaining forces are in the 
same plane. 

In (figures 5 and 8, Plate 5,) Cc is the direction of the straining force, on 
^which as a diagonal the parallelogram Cbca is drawrf, the sides of it being 
parallel to the resisting or sustaining Joeams: join b a and draw the dotted 
line parallel to 5a in each figure; then, in (figure 5,) the straining force 
would move towards if left at liberty; therefore both the beams are com¬ 
pressed, being both on that side of the line e 

In (figure 8,) only the lower sustaining beams are compressed; the upper 
ones are extended. 

TO FIND THE KESHLTANT OF A SYSTEM Ol' FORCES. 

197. • As'the strain upop a piece of framing is often produced by two or 
more forces, acting in different directions, of which the crane is an instance, 
the means of finding a force and its direction that would be equal in effect to 
two or more forces may be next considered a little more attentively. In all 
eases where the'strain is produced by the actioij of Several’ibreea meeting in 
one point, thc^ forces m.us{ be deduced to a single force, capable of producing 
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the aame effect; otherwise it will not be possible to determine the Strain upon 
the supports. 

A force capable of producing the same effect as two or moro force! is called 
the resultant of those forces. 

198. Let A C represent the magnitude and direction of a force, acting 
on the body C (plate 5,‘figure 9,) and BC the magnitude and direction of 
another force also acting on the body C. Then to find the resultant, draw b B 
parallel to A C\ and A b parallel to BC; join b C which represents the resul¬ 
tant required. The lines connecting the points ilCBb form a purallclo- 
grarn, of which 6 is the diagonal; und whenever two sides of a 
Iclogram are parallel to the directions, {md pn)portional to^ the energies of 
two forces, the diagonal will represent the direction and energy of a force that 
would jiroduce the same effect. A parallelogram constructed in this manner 
is called a parallelogram of forces. 

199. Also if the force b C were to act in 'the opposite direction, that is, 
from a towards C it would retain the two forces A C, and ^ C in equilibrio; 
these acting from and 2? towards C; but two forces only can never be in 
equilibrium unless their directions be exactly opposite, and the forces equal; 
and the direction they would move in when not exactly opposite, is shora by 
producing the diagonal of the parallelogram drawn on their diroctious. ^Ims 
Ca (figure 9, plate 5,) is the duigonal produced, and consequently the direction 
in which the forces A C and B C would cause the body C to move. 

One of these forces may be the weight of a structure of which the direc¬ 
tion is vertical, the other force the action of the wind upon it, which is hori¬ 
zontal; the result-ant shows the direction and intensity of both tli<5 forces 
acting together. •* . . • 

OF THE Cl^RE OF GRAVITY. 

' 200. In ^ heavy beam there is a single point by which it may be sup¬ 
ported, and if so supported, it may bb placed in any position, and remain at 
rest. Whereas, it supported by any other point, it would rest only in 
certain positions. , 

This point is caUed the centre of gravity of the Kcara. 

2 K 
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201. sV beam A B suspcnSed by a pin at C (figure 10, plate 5,) passing 

exactly througb the centre of gravity, will rest in the position ^ jS*, or in that 
shovn by* the dotted lines oA, or any other. And the same thing 'will take 
place, let the body be ever so irregular provided the support passes exactly 
through the centre of gravity. 

The centre of gravity of a uniform cylinder or prism, is in its axis and at 
the middle of its length. 

In a triangle the centre of gravity is in a line drawn from the vertex to 
tlie middle of the base, an(hat a distance of one-third of tliat line from the base. 

In cones or pyramids the centre of gravity is in the axis and one-fourtJx of 
the height from the base. 

The most useful mechanical methods of finding the centre of gravity arc 
the following: 

202. To find the centre of gravity of a body with plain sides, suspend it 
by the cord AEB (figure 11,) fixed to the body at A and 5, and passing over 
a pin E' When the body is at rest, by moans of a line and plummet, draw a 
plumb or vertical line upon it, as at a h. Then slide the cord upon the pin E, 
so as to change the position of the body as much as possible; and wlien it is at 
rest again, draw • another vertical line upon it, and where this vertical lino 
cross# the former one will be the ccntre'of gravity of the body. 

OF THE PRESSURE OF INCLINED BEAMS. 

203. Let ABhf^o. beam (plate 5, figure 12,) resting against the vertical 
wall B Z), and C it\ cenlre of gravity; the lower end resting on an abutment 
cut in tlie beam A D. Through the centre gravity C dfdw the vertical line 
c e and draw c B perpendiculhr to m^^ng c e in c, join A c which will be 
the direction of the pressure against the abutment at A\ and that the beam 
may have no tendency whatcvci' to slide, the abutment should be perpendi¬ 
cular to ^ c. 

Also, l£ oe taken from a scale of cqudl parts, represent the weight, and a e 
be dihwn t)arallcl to cB then a e will represent the pressure .against the wall at 
B and qa the pressure against the abutment at *A. T}ie horizontal thrust at 
the abutment A Is also mc^ured by the line a e as it is always equal to the 
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horizontal pressure against the wall at B. The jgressures of sheO^ or Ican-to 

roofing are shown hy this example. 

204. When the centre of gravity is at the middle of the length of the 

rafter or beam, multiply the weight in pounds by the distance A B in feet, 
(which in a roof is half the span), and divide the product by twice the height 
DBin feet, and the quotient will be the horizontal thrust. (Figure 13.) - 

Examplk.—^T hc weight uniformly distributed over a rafter is 200 pounds; 
the span of the roof is 20 feet, half of which is 10 feet; and the height of the 
roof is five feet. ^ 

Then ^ ^ ' 5 ° = 200 pounds, the horizontal thrust, which is the same as 

the weight, and wifi always be so when the roof rises exactly onc*fourth of the 
span, but not in other cases. 

OF TllE STlUm UPON BEAMS LAID HORIZONTAL. 

t 

205. Wlien a beam is laid in a horizontal position, as in (figure 14,) and 
a load is unifonnly distributed over its length, or the beam is only loaded by 
its own weight, the strain upon the beam is the same as if half the weight were 
acting at its centre of ^avity. 

ilut if the weight be distributed, over the beam, it must be of a yielding 
nature, otherwise this rule will not hold good. 'If a strong short beam be laid upon 
the first beam, and the weight upon that, the strain upon the lower beam would 
be removed to the points.wherc the ends of the short beam would rest upon thii 
longer one, and of course the strength of the longer one woultl be much increased. 

206. ^ When a beam is supported at the ends, as (figure 15,) the stress 
arising from any weight PP' produces the greatest strain when it is applied in 
the middle of the length. And,*ifiobe the greatest weight the beam would 

, support in the middle, the greatest ;(#Sght fV that it could support at any other 
point C will be found by the following proportion; 

As the distance A C multiplied by the distance B C, 

Is to the square of half the length of the beam; 

So is the weight «?, that could be supported in the middle,— 

To the weight fV that could be supported at the point C.*' 


* Tredgold. 
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GENERAL OBSERVATIONS ON DESIGNING, FRAMING, &c. 

207. The principal questions relative to the action of forces on single 
beamSf and on systems of framing, have now been considered; and it only 
remains to make a few remarks on the best method of applying those principles 
so as to form a perfect design. 

In the first place the artist must remember “ that the strengtli of a piece 
“ of fi'uming, whatever may be tlic tlesign, can never exceed that of its weakest 
“ parts; and that partial strength produces general weakness.’ 

Therefore, let thii fixi'd (conditions, or those objects which cannot be alter* 
ctl, b(‘ well considered; and as far as it can Jie done, Irt thcnfbe drawi correctly 
to a scale; showing the cui’^cs of equilibrium* the points where the forces act, 
and every other particular condition. Also, it must be considered whether the 
forces are to act constantly or the same parts, or to bo subject to changes; and 
the nature and extenfof tlicsc ohaiigcs should be exhibited. 

Sen,wdhf .—The nature of the sustaining points should he carefully examin¬ 
ed, whctlicr they be capable of resisting a force acting obliquely against them 
or not; and the framing must be disposed accordingly. 

Then a design may be sketched in of such a nature us shall ajipear best 
adapted to attain the obj(5Cts in view, taking care to avoid transvci'se strains as 
much as possible, to load obtuse aiighss lightly, and to give little excess of 
strength to parts which themselves add to the load to be supported; the jiroper 
degree of strength may be fixed by tlio rules whicli follow: 

Nothing will assist the artist more in forming a good design, than just 
(jonceptions of the objects to be attained; and nothing will render those objects 
more familiar to thS mind, than drawing them. 

OF TQE RESISTANCE OF TIMBEIf, OR THE STABILITY OF 

RESISTANCE. 

208. To know the resistance which a piece of timber offers to any force 
tendiiig to* change its form, is one of the most important speoiea of knowledge 


* toppings' Philosophical Transactions. 



thilt a carpenter has to acfiuire ; and to be able 4o judge of this dt'jjree of resi-*- 
tance froni observation oiily, even in common (!ascl, rerjuires nothing less than 
tlie practice of a life devoted wholly to caq>entry. 

Besides, it is a species of knowledge that is confined to the person who has 
obtained it and it dies with him. It is a feeling of fitness whicli can neither be 
communicated nor described; nevertheless it is a feeling that every thinking 
practical man is smsiblii he possesses. There arc many besides jiractical 
carpenters, who ought to know something of the jn’iuciples of building, and wlio 
liavi; not an opportunity of becoming acijuainted with those principles through 
practice; to such persons the rules and experiments Uerciu detailed, will be 
found extremely useful. 

200. In order to be able fd determine the, dimensions or scantling of a 
piece of timber, which shall be capable of sustaining a given wciglit or ]>rossure, 
the laws that regulate its resistance should be considered; and to accomplish 
this in a maimer likely to be useful, wc must^consider .what effect is produced 
wlicii a piece of timber is overloaded. This (effect, in general, is noticing more 
than a certain degree of flexure, or bending, as it seldom liappcns that timbers 
ai’c absolutely broken; and generally, a small degree of bending renders a beam 
unlit for its intended pui-posc. 

DEFINITIONS AND (lENKRAL PRINCIPI.ES. 

210 . The laws of.thc resistance of materials depend on tlic manner in 
whicli the jiioces are strained, and may be divided into thrce*kinds: 

Plrsf,. —Wlu'ii tljc force tends to pull tlic piece asunder in the direction of 
its length, or the resistance to tension. 

O' * ^ ^ ^ 

Secondfy .—Mdien the force temls to break ^tjie ])icce across, or the resis- 
, tance'to cross strain^s. / . 

Thirdly .—When the force tends to compresg the body in the dfrection,of 
its length, or the resistance to compression. 

211 . Sf/iffncHs ''that pix)perty of bodies by which they resist flexure 
or bending; ^'-Strength" is that by w^hich they resist fracture o^^bro^king. 
This distinction ifiMst be carefully attended to, because the laws'of strength and 
stiffness are not the same. For instance, thc*stiffues 3 of a cylinder, exposed 

2 L 



to n cross sjrain, increases as tliofourtli ])0wcr of the diameter, but the strength 
oicri'asL*^ only as the cube of the diameter. If the <liam(^tcr of u cylinder be 
doubled, its stiffness will be sixteen times as great, but its strength will only 
be increuse<l eight times. 


OF THE STIFFNESS OF X5EAMS TO RESIST .CROSS STRAINS. 

’212. When a -N^’eiglit is laid upon the middle of a piece of timber which 
is supported only at the •cuds, it always bcud.s more or less; wlieii the weight 
bonds the piece in a very small degree, the wood is said to be stilf; when the 
the bending is eonsiderablo, it is called flexUde. 

Tlie .stillness of beams is pro]K)i*tional to’thc space they arc bent tlirough 
])y a given weight, when the lengths arc the same, but that two pieces of 
different lengths may be ecjually stiff, the dchexiou or bending, should be jivopor- 
tional to their lengths! For a deflexion of orie*fourth of an inch in a joist 20 feet 
long would not be attended with any bad effect; but if a joist 4 feet, long were 
to bond oiiedbiu’th of an inch, it would be totally unfit for its purpose. 

ON THE TRANSVERSE STRENGTH OF BEAMS. 


2 Hh The transverse strength of rectangular beams, or the resistance, 
which they offer to fracture, is as the breadth and sqwu*e of the dejitli: there¬ 
fore, if two rcetan^ular beams have the same diqith, their strengths are to cue.h 
other as their breadths j but if their breadths arc the same, then tlieiy strengths 
are to each other ii% the squares of their dci)ths. 

214. The transverse, strengths of square licams arc as the cubes of the 
breadtlis or d(?pths. Also in cyliiidrical beSyns, the transverse strengths are us. 
tlie cube5 of the diameters. , 

Tims, if a beam which is one foot broad and one foot deep sutiport a given 
weight, then a beam of the same depth and two feet broad will support double 
the v^ight. 

Hut if a bbaiTi be one foot broad and two feet deep, it‘will support four 
times ifs much as a beam piic fbot broad and one foot deep. 
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If a beam one foot squnrc support ii woiglit, tbon a beam t*\vo feet 
square will support ciglifc tiiiioa as inuclu Also a oylliidor of* two hiclies 
in (liuiuotcr will support ci^lit times as much as a cylinder one inch in 
diameter. 

215. In the following table the value of tlic trausversi^ strcngtli *oC t< ak' 
is computed from the formula by Ihirlow* S — and from various experi¬ 
ments Avliich were carefully conducted at Cossipore, in 1820, the values of 
otlier woods are added from the same formula. 


Taule ok Data. 


Teak, . 


(Barlow). 

Rangoon Teak, (seasoned),. 

.. 2()4G 

Cosssij)orc Expt. 

Roiubay Teak, (ditto), .. 

. 1518 

ditto. 

Rengal Soondry, (ditto), . 

. 2595 

% 

ditto. 

IMorung Saul Choukers, (ditto), . 

. 217.1 

ditto. 

Ditto, (unseasoned), . 

. 2053 

ditto. 

libu’ujig Saul Dhoukers, (seasoned), 

.. 2298 

ditto 

Ditto, (unseasoned), . 

. 24.52 

ditto. 

Goruckporc Saul, (not scasoned)^^. 

. 2212 

ditto. 

Bengal Deal, . 

. 1329 

ditto. 

Moruiig Toon,. 

. 12G9 

ditto. 

Norway Deal, . 

.1083 

ditto. 

American Ash,. 

. 90G 

ditto. 

Morung Sissoo, (seasoned), . 

. 2308 

• 

ditto. 


2l(>. To find* the ultimate trausverse strength of any r(;ctangular beam 
of timber, fixed at one cud and loa^l at the othj:r.' 

Rule.—M ultifly the value ^iVen in the table of data by the breadth 
and squiirc of the dt.*pth, both in iiiolies, and diviTlc that product by the lenj^li, 
also in inches, and the Quotient will be tlie weight in pounds. 

* Essay on strength of timber, p. 161, where a is tlic breadth, d the depth, I the length,*® the hreoking 
weight in lbs., S the reaistance of a rod (in inch square. 
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« • 

K!;:ajiple.—W hat weight, will it require to break a beam of Teak, the 

bnwltli of \frhich is C inches,'the depth 8 inches, and length 20 feet? 

In tlic table of data the value of Teak is 24G2. 

•'J’ljcn liy Kulc 6 x 8 = _ ^,, 3 ,, 

217. Or, if the dimensions of a beam be required, so as to support a 
U'iv(‘ii weight at its end, thim- — 

Multiply the wi'ight in pounds by the length in inches; and this pruduct, 
<livid(;d by the tabular value*, will give the jwuduct of the breadth and square 
of the depth. 

h\'AMi’Li:.—A square balk of Saul projects 4 feet G iuclies from a solid 
Willi in wbich it is fixed; what must be the side of its squall, so that it may 
support 1013 lbs.? 

Tabiihu* value of Saul is 247.‘i. 


. 04 X U>I3 £4.p)2 ^ 


22T2, the cube foot of which is 2'8 inches, the side of 


the sipnire required. 

218. To dotermine tlic strength of a rectangular beam of timber, wlien it 
is supported at the ends, and is loaded in the middle of its length. 

liULB. —Multiply the vidue in tla^ tabhi of data, by 4 times tin; deptJi in 
inelics, and by the area of the Section in inches, and divide the product by the 
distance between the sup[)orts in inches, and the quotient will be the greatest 
w<‘ig]it the beam will lioar in lbs. 

Note 1.—Tf the beam be not horizontal, the distafice between the supports 
must be the lioi’izoiital distance. 

Note 2. —One-fourfh of the weight found by the Rule should be the 
greatest weight updh a beam in practice. 

Note 3.— If the load bc^applied at other point than tlie middle, it will 
be as the rectangle of the segments, into •which the point divides the dis- • 
tai)cc between*tlie supports, ds to the square of half that distance; so is the 
weight found by the Rule, to the weight the beam will Buetain at the 
given point. 

IJoTE 4.—Tf the load be distributed in any manner whatever over the 
beam, the centrd of gravity of the load must be,considered *ils place, and its 
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stress equal to the whole weight, unless parti*of^ 
tliG supporting points independently of the rcaiatant 

219. Example. —Ilequircd the weight a be 
middle 12 inches deep and 8 inches ^vide, the lengtl 
Tabular value of Saul is 2473, depth 12 jn< 
length 240 inches. 

2473 X 4 X 12 X .q. 


and the beam may be loaded in practice with = 11.870 lbs. without inju¬ 
ry to texture. 

220. When c^long beam ABvi laid over several points of support, as in 
(figure 17, plate 5), a ease of very common occurrence in building, the strength 
of the intermediate parts is nearly doubled, or twice as much as when the beams 
are cut into short lengths. Hence tlic carpenter will see the importance of using 
bridging and ceiling joists, purlins and rafters, in considerable lengths, so that 
a joist may extend over several binding joists, purlins over several trusses, and 
a rafter over several purlins: also, by contriving so that the joinings sliall not 
be oppositc’one another, a floor or roof may be made tolerably equal in strcngtli. 
Hence also, we see the importance of notching joists, purlins, an4 rafters over 
the supports, instead of framing them between. 


ON THE RESISTANCE TO COMPRESSION. 


221. • When a piece of timber is compressed in the direction of its length, 
it yields to the force in a different manner, according to the proportion between 
its length and the area of its cro*ss Tj^tion. For more convciiieht illustration, 
' let us suppose the piece to be a cj^mder; then, ^f its length be greater than 
about eight times its diameter, the force will cau3(i it to bend in tho manner 
shown in (figure 16, plate 5), and it will break at the middle of its length. But 
when the length of a wooden cylinder is less than about eight times its diame- 
tei', the piece will expand in the middle of its length, and split in several places. 
Materials less flexible than timber, break in different ways when under com¬ 
pression in short lengths. 



TliC c^so -where the leiifrfli frxcc(‘<ls about ei^ht times the diameter is that 
■which is most useful. 


• ON THE STUENOTII OF COLUMNS AND POSTS TO RESIST ’ 

FLEXURE. 


222. It is known from experience, that there is a certain force, that will 

bend a piece of timber wjicn acting in the direction of its length; and that 
when it has been bent in a small degree, a still greater force is required to com¬ 
plete the fracture. But our investigation must be confined.to the strengtli to 
resist the first degrees of flexure. • 

The strain will Ixj directly as the weight or pressure, and inversely as the 
strength which is inversely as the cube of the diameter. The strain will also be 
directly as the deflexion, which, will bo directly as the quantity of angular mo¬ 
tion, aivl as the number of parts strained; that is, directly os the square of the 
length, and inversely as the diameter. 

223. 'When the breadth of a girder is considerable, it is often "sawn dowi 
the middle and bolted together with the sawn sides outwards; the gird/jrs in 
the section, (figure 18), are supposed to be done in this manner. This is an 
excellent method, as it not only gives an opportunity of examining the centre 
of the tree, which in large trees is often in a 5tate of decay, but also reduces 
the timber to a smaller scantling, by which means it <lric3 sooner, and is less 
liable to rot. The slips put between the halves, or fitches, should be thick 
enough to allow the air to circulate freely between them. It is generally ima¬ 
gined, that it strengthens a girder to cut it down, reverse it^ and bolt it together 
again; it is in*fact wcakeupd by the operation,'but the method is recommended 
here for the reasons above stAted. 

^ Otlrers suppose that gi^lers are cut down merely for the purpose of equa¬ 
lizing their stiffness; but admitting a girier to be lint considerably, the dif- 
ferenoe between the deflexions at any two points equally distant from the 
middle would not be sensible in girders of the usual form. The person who 
first practised* the method of cutting girders^ down tlie middle undoubtedly 
did it •with view of ^resefving and not of stiffening them. We find, that 
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Vitruvius,* tlio oldest autlior on architecture whose works are extant, directs a 

space of two fingei’s* breadth to be left between the* beams for forming the archi¬ 
trave over columns, in order that the air may circulate between and prevent 
decay. Every one must have observed, that decay begins in the first place at the 
joints, and other parts where the pieces are neither perfectly close nor yet suffi¬ 
ciently open to allow an^ dampness to evaporate. 

The principles of carpentry will be treated of, in Part II., under the head 
of “ Hoofs.” 

* Vilnivius, lib. iv. Cap. 7. 
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